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HE year 1485 is usually regarded as the one 

when the spirit of learning was re-born after long 
years of darkness ; and although the Renaissance is 
no longer regarded as ‘“‘a sudden explosion of dawn 
at the end of a long night of Stygian darkness”’, it 
may well be that, to future historians, the year 1957 
may come to be regarded as the one marking the 
birth of a revolution in technical education in Britain. 
Conception began with the White Paper on Technical 
Education ; gestation has been accompanied by the 
creation of the Council for Technological Awards. 
To mark the birth, the new academic year will see 
most of the colleges of advanced technology beginning 
to function in the roles for which they were intended. 
All this has been accompanied by tremendous stir- 
rings in the technological departments of the univer- 
sities, where, despite magnificent progress since the 
War, present output of technologists is acknowledged 
to be pitifully small for the needs of the nation. 

These are the outward signs by which the future 
historian will trace the onset of the revolution. The 
significant feature of 1957, however, is that, really 
for the first time, those in authority in government 
and industry have realized that knowledge of the 
humanities is no longer enough ; the future adminis- 
trator will be required to make judgments based on 
substantiel knowledge of complex technological pro- 
cesses. In many ways, therefore, 1957 may be 
regarded not only as a beginning but as the end of 
an era which began in 1485. 

It is an era which has already lasted too long for 
the good of Britain. In 1485 knowledge of Latin 
and, to a lesser extent, Greek was essential if men 
were to make progress in the Church, in education, 
in government or the administration of large estates. 
In 1957 the large majority of the country’s adminis- 
trators in all fields of endeavour are men with little 
or no knowledge of science and technology ; many 
of them, until quite recently, have been proud of 
their ignorance and condescending to those who, far 
too long, have been dubbed as narrow specialists. 
Their own deficiencies in science lay in an educational 
system which they were mainly responsible for con- 
triving and where knowledge of science was not 
considered necessary in the make-up of a gentleman. 
There is little doubt that technological progress in 
Great Britain over the past fifty years would have 
been much more rapid if, to quote a leading indus- 
trialist, a few senior members of the Ministry of 
Education had been men with substantial acquaint- 
ance with some branches of science. 

Mistakes of the past should guide those responsible 
for the educational system required in the new era 
of technology. Experience has shown that tech- 
nological education alone is not enough to make the 
Successful legislator, administrator, governor or 
teacher ; specialisms need supplementing by studies 
based on the humanities. This is a matter with which 
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TECHNOLOGISTS 


Sir Eric Ashby recently. concerned himself in an 
address to the Institute of Metals (see p. 624 of this 
issue) ; it confirms his right to be accepted as one of 
Britain’s most thoughtful educationists. 

The gist of Sir Eric’s address is that, because our 
educationists have made two unfortunate assump- 
tions, the present system for producing technologists 
takes no real account of the humanities. These 
inaccurate assumptions are that technologists receive 
a balanced schooling with a thorough grounding in 
the humanities, and, equally dangerous, that the 
technologist is expected to become and remain an 
expert destined to serve the managing director but 
never to become one himself. The future of the 
West will be greatly influenced by the way in which 
the education of the technologist can be liberalized 
and the rapidity with which such men gain seats in 
the board room. 

The challenge to Britain is greater than to other 
industrial countries of the West. In his address, Sir 
Eric refers to the liberal influence in technological 
courses provided at the Federal College of Technology, 
Zurich, the Technical University of Delft and the 
University of Technology in New South Wales. 
Despite her concern for turning out the greatest 
number of technologists, even the Soviet Union 
has technological institutions which devote some 
time to the humanities and the social sciences. The 
odd lectures on music, the fine arts and the like in 
British universities stand out in sharp contrast to 
the extensive range of general educational courses 
provided in the American universities. In a recent 
report of the American Society for Engineering 
Education, for example, a committee largely made 
up of men drawn from academic circles recommends 
that the humanities and social sciences be given “a 
minimum of approximately 20 per cent of the student’s 
educational time”. The Engineers’ Council for Pro- 
fessional Development, which draws its members 
from all the professional engineering institutions, will 
not. recognize curricula unless “the equivalent of 
one-half year to one full year of the curriculum shall 
represent the minimum content in the area of 
humanistic-social studies. Of this content, at least 
one-half year should be selected from the fields of 
history, economics, government, literature, sociology, 
philosophy, psychology or fine arts”. That these 
recommendations represent not too pious hopes was 
illustrated by a survey recently carried out by the 
U.S. Office of Education which showed that, on 
average, about 16 per cent of the time at engineering 
schools is given over to humanistic-social studies. 

The way in which these courses are arranged in 
the United States varies from college to college. In 
some, the liberal element precedes the technological 
course ; in others humanistic-social studies are inter- 
mingled with professional. What is taught also 
varies from institution to institution. The California 








620 


Institute of Technology, for example, stresses the 
humanities ; the Carnegie Institute of Technology is 
more concerned with the social sciences. At the 
Massachusetts Institute of Technology the liberalizing 
influence stems mainly from study of one particular 
selected field ; this ensures that some at least of the 
humanities are studied in depth. The Massachusetts 
Institute of Technology also has four-year curricula 
leading to the degree of B.Sc. in humanities and 
acience, or B.Sc. in humanities and engineering. 

Despite the occasional and inevitable protests from 
American professors about crowded technological 
curricula, nearly all those responsible for training 
technologists are convinced that the advantages 
gained by including humanistic-social studies in the 
curricula far outweigh the disadvantages. Such power- 
ful testimony adds weight to Sir Eric Ashby’s plea for 
including serious studies in the humanities in the 
time-tables of all degree courses. The content of the 
courses and the way they are spread over the time- 
table should be left to individual universities. For 
some, intermingling may appear to give the desirable 
pattern. Others may follow Sir Richard Livingstone’s 
advice that liberal studies are more appreciated when 
students have had some experience of life ; they will 
prefer to let studies of the humanities follow con- 
centrated professional courses*. What matters most 
is that some at least of our universities should offer 
courses of study in the humanities to technological 
students and that these studies should be reinforced 
by examination. Those first in the field would find 
their products greatly sought after by industry. 

Sir Eric’s suggestion for including liberal studies as 
an integral part of university technological courses is 
likely to be resisted by those who believe that broad 
genera! education should be provided in the schools 
and that specialization should be left to the univer- 
sities. Desirable as this may be, experience in other 
countries has shown that it is not enough. Teaching 
students to make balanced value-judgments and to 
express ideas clearly, to appreciate distinctions 
between right and wrong, good and evil, to examine 
the concepts of freedom and justice, can be better 
done, as Sir Richard Livingstone has shown, with 
students of mature years. 

The provision of courses in the humanities for 
technological students would have the advantage of 
stimulating students to read. Too many of them, 
brought up on a strict diet of lecture notes which are 
sufficient for examination purposes, leave the 
universities with good degrees but little or no desire 
to continue their reading. If conducted on tutorial 
lines with set reading as a prominent feature of the 
course, many technological students would find 
deeper interests which should encourage them to 
meke inquiries in ever-extending horizons. Already 
many graduates in technology are seeking to widen 
their experience through extra-mural classes in 
liberal subjects. This number would increase con- 
siderably if compulsory courses in the humanities 


* The Future of Education. (Cambridge University Press.) 
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were included as part of university technological 
courses. 

Efforts to liberalize curricula in technical colleges*, 
proposals to inaugurate a general course in arts and 
science at the University of Cambridge, the suggestion 
for a degree course in Science Greats, as well as the 
arguments which Sir Eric Ashby has put forward for 
courses in the humanities, all show that, in the educa- 
tional system which is to serve the technological 
revolution, men shall be produced who will be equally 
capable of dealing with principles as with processes, 
with people as with production. The aim of the educa- 
tional system should be to produce men like Alexander 
Nowell, the famous sixteenth-century headmaster of 
Westminster, who, besides his zeal in promoting the 
teaching of pure Latin, was the author of the 
Catechism and the inventor of bottled beer. What 
is now needed are men who can invent processes for 
producing better ‘beer’ more effectively and more 
economically ; they should also be men who will 
consider the effects of their invention on the world 
at large. 


* Liberal Education in a Technical Age: an Official Report spon- 
sored by the National Institute of Adult Education—a Survey of 
what Non-vocational Education actually is and a Statement of what 
it should be. (London: Max Parrish and Co., Ltd., 1955.) 6s. 
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COMMEMORATION OF PAUL 
EHRLICH’S GENIUS 


The Collected Papers of Paul Ehrlich 

In four volumes including a Complete Bibliography. 
Compiled and edited by Dr. F. Himmelweit. With 
the assistance of Martha Marquardt. Under the 
editorial direction of Sir Henry Dale. Vol. 1: 
Histology, Biochemistry and Pathology. Pp. viii+ 
653+6 plates. (London and New York: Pergamon 
Press, Ltd., 1956.) £12. (£28 or 85 dollars the set 
of four volumes.) 


OR those who have at heart the advancement of 

science, especially as bearing on medicine, the 
first and strongest feeling must be gratitude that 
publication of ‘“‘The Collected Papers of Paul Ehrlich” 
now makes these readily available to all. For the 
motivation of this tribute we are indebted to Sir 
Henry Dale, and for the greater part of the burden 
involved in the execution of the project Dr. F. 
Himmelweit is to be thanked. Without the devoted 
loyalty to Ehrlich’s memory of the late Miss M. 
Marquardt, his secretary for many years and until 
his death, the completion of the collection would have 
presented extreme difficulty. She preserved copies 
of his publications and unpublished manuscripts in 
circumstances of severe trial ; and those documents 
along with her personal knowledge were of the 
greatest value to the editors. Some works, originally 
issued separately, were out of print, others were 
lodged in libraries and never printed, while the rest 
were scattered through many journals in different 
fields and the reports of societies and conferences. 
Thus, even with the help of the bibliography pre- 
pared by his co-worker, the late Prof. Hans Sachs, 
for the Paul Ehrlich (sixtieth birthday) Festschrift 
of 1914, much searching would have been needed to 
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unearth some works. The Wellcome Trust, too, 
played a valuable part in facilitating publication by 
providing a guarantee against financial loss. These 
things are told in an introduction by Sir Henry Dale. 

The collected works are arranged according to a 
list of subjects which corresponds, more or less, with 
the order of their issue. Every article has been 
reproduced in the language in which it was originally 
published and, of course, that is German in all but 
a few. According to the introduction, however, the 
publishers considered such a preponderance would 
have a very adverse influence on sales and hence on 
the general availability and use of the work. There- 
fore, as an attraction, English translations of certain 
important papers have been added. It may be 
doubted, however, if those who mean to assess 
critically the value and influence of Ehrlich’s views 
can afford to neglect the original German. In any 
event, the cost of the volumes would seem to dis- 
courage their acquisition except by institutional 
libraries. The account of the pains which have been 
taken to reproduce the text faithfully, and even to 
revise it (in the case of “Histology of the Blood’, 
etc., where an English translation, published earlier, 
has been adopted), should disarm criticism. 

Volume 1 contains fifty-five works under the head- 
ings “Practice and Theory of Staining in Histology” 
(this includes ‘‘Beitrage zur Theorie und Praxis der 
histologischen Fiarbung’’, presented in 1878 to the 
University of Leipzig as an inaugural dissertation 
and hitherto unpublished, with an English trans- 
lation); ‘Cytology of the Blood in Health and 
Disease’ (comprising works which form the basis of 
modern morphological hematology); “Staining of 
Bacteria and its Application to Diagnosis’ (among 
which is the discovery of the acid-fast property of 
the tubercle bacillus); ‘The Requirement of the 
Organism for Oxygen and Allied Biochemical 
Studies’ (“Das Sauerstoff-Bediirfniss des Organ- 
isms” is here with its statements foreshadowing the 
side-chain theory and much else that runs through 
Ehrlich’s later work, and an English translation is 
appended ; curiously, an article on the action of acid 
chlorides on nitrosodimethylaniline and the one 
describing the use of neutral red as a ‘vital stain’ 
have been placed in this section) ; ‘‘Pharmacology, 
Therapeutics and Toxicology” ; ‘“The Diazobenzene- 
sulphonic Acid and Dimethylaminobenzaldehyde 
Reactions”. Despite reasons given for the arrange- 
ment adopted, Volume 1 suggests strongly that the 
least objectionable sequence would have been 
according to dates of publication (or of completion 
where a paper was not published). A classified table 
of contents would then have been a valuable addition, 
showing the works grouped under subjects somewhat 
as in the scheme used. 

Part of the introduction consists of an appreciation 
of Ehrlich’s work and an assessment of its importance. 
A translation of a letter from Ehrlich to his friend 
and co-worker, C. A. Herter, which is included, lets 
one glimpse his own feelings about this (the absence 
of the original German is regrettable). This intro- 
duction and a notice in Nature by the writer (175, 
570, 616 ; 1955) seem to be almost the only attempts 
in English to give the general scientific reader briefly 
an idea of the versatility of Ehrlich’s accomplish- 
ments and the seminal quality of his work, which 
even now are not as widely known as they deserve. Sir 
Henry Dale mentions in passing that “there are those 
still living who believe that they remember having 
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seen him . . . testing a sample of a dye for its purity, 
by pouring a solution of it down a suspended sheet 
of blotting paper and looking for the appearance of 
accessory adsorption bands! Paper-chromatography 
in embryo, it would seem’’. Others may know in how 
far this was an original procedure, but it may be 
worth while placing on record that some of us have 
never forgotten being present when he did so. It is 
impossible now for a single individual to relate 
thoroughly the value of the whole mass of con- 
tributions to present-day scientific knowledge and 
theory. Therefore it is hoped that when at last the 
collected works are available, specialists in each 
department represented will utilize them to provide 
@ perspective of his achievements. To Sir Henry Dale 
it “appears proper” to claim for the revolutionary 
effect of Ehrlich’s researches on what is termed 
chemotherapy that ‘‘it is comparable, at least, in its 
importance, to that which had been produced .. . 
by the researches of Joseph Lister’. Surely the 
transcendent services of both men have placed them 
among the immortals. C. H. BrowniIne 


MANAGEMENT ORGANIZATION 


Organization 

The Framework of Management. By E. F. L. Brech. 
Pp. xiv +424. (London and New York: Longmans, 
Green and Co., Ltd., 1957.) 45s. net. 


R. E. F. L. BRECH, who is a senior consultant 

with Urwick, Orr and Partners, has written an 
admirably lucid and comprehensive book on organiza- 
tion. This comprehensiveness means that his book 
could serve as a useful work of reference, but that, 
although any one passage is clearly written and his 
arguments are easy to follow, the whole tends to be 
indigestible. This probably cannot be helped, but 
it is a pity since the reader who lacks the necessary 
perseverance will miss many illuminating discussions 
which are based on Mr. Brech’s wide experience of 
organization. 

Mr. Brech maintains that recurrent experience has 
shown that the problem of divergence of authority 
and responsibility will disappear when responsibilities 
are correctly defined. The value of clearly defining 
Management responsibilities and writing them down 
in detailed schedules is the main thesis of the book. 
This thesis is argued most persuasively and is illus- 
trated by thirty sample schedules, although the detail 
of these schedules may make some readers quail. 

The purpose of an organization structure is 
described as delegation of responsibility, hence in 
any organization there must be some decentralization. 
The effectiveness of decentralization depends upon 
three factors: the soundness of structure; the 
clarity, stability and continuity of direction from the 
top ; and the competence, reliability and outlook of 
the subordinate executives and the specialist personnel. 
The factors selected show that Mr. Brech is very 
conscious of the human influences, as he says in 
conclusion: “From the structure the dynamism of 
motivation is, by definition, missing, but that does 
not detract from the importance of structure or the 
significance of its contribution to effective action’’. 

Those who hope that Mr. Brech will offer a typical 
organization which they can copy will be disappointed, 
for all organizations must, he maintains, be tailor- 
made. There is probably no absolute right or wrong 








622 


in organization pattern, but there are, he suggests, 
certain principles which should be used as a guide. 
Apart from his main thesis of clear definition of 
responsibilities, there is at least one other principle 
which he recommends which is certain to arouse 
considerable controversy, namely, that there should 
be only one chief executive. 

This book has already been described as compre- 
hensive, so the reader will expect and will find 
valuable discussions on such topics as the role of the 
specialist, the responsibility of top management, 
centralization versus decentralization, the effective 
use of committees and the role of organization charts. 
The latter is accompanied by a special warning against 
exaggerating what can be accomplished by them. 
There are specially illuminating discussions on the 
difficulties of executive directors, which Mr. Brech 
attributes primarily to a failure to distinguish between 
their dual roles ; the harmfulness of deputy appoint- 
ments which are used in some of the nationalized in- 
dustries ; and the factors which affect the span of 
control. Among the latter Mr. Brech includes the 
‘emotional’ aspect of attention, that is the extent to 
which an individual can deal with interruptions as well 
as more obvious factors such as geographical distribu- 
tion and the nature and diversity of responsibilities. 

There are three interesting appendixes on the his- 
tory of thought on organization, on the Fleck and 
Herbert Reports and on organization for command in 
the Army. 

A board of directors which wishes to assess 
the effectiveness of its management might start 
from the list of factors given on p. 278 of Mr. Brech’s 
book. These do not, of course, provide the answers, 
but periodic heart searchings on each of these points 
together with research, where necessary, would help 
to improve the efficiency of management by ensuring 
that the board was considering all relevant factors. 

RosEMARY STEWART 


MICROSCOPY IN REVERSE 


Microphotography 

Photography at Extreme Resolution. By Dr. 
G. W. W. Stevens. Pp. xvi+326. (London: Chap- 
man and Hall, Ltd., 1957.) 50s. net. 


ICROPHOTOGRAPHY, which Dr. G. W. W. 
Stevens very properly distinguishes from photo- 
micrography, can be defined as the copying of objects 
on an exceedingly small scale. The process is almost 
as old as photography itself, and a fine example, 
nearly a century old, by J. B. Dancer of Manchester, 
is reproduced in this book. Such a technique offers 
a challenge to the perfectionist, and enthusiasts 
express their results in terms of ‘Bibles per square 
inch’. Some of the practical applications are fairly 
obvious; Nazi spies transmitted copies of secret 
documents in the full-stops of newspapers and tele- 
grams, and the value of microphotographic books in 
space travel can be foreseen. On a more everyday 
plane the importance of storing information in a small 
volume needs no emphasis at a time when the number 
of scientific journals alone is increasing so rapidly 
that th» storage space of many libraries is likely to 
become inadequate within the next generation. 
Quite apart from its immediate practical value, 
microphotography is of great intrinsic interest, in 
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that it brings together a large number of different 
techniques and disciplines. There is great scope for 
the development of new types of grainless photo- 
graphic emulsions, and Dr. Stevens gives an account 
of these and of some of the special problems encoun. 
tered in their use, which will certainly fascinate anyone 
interested in photography. The long sections devoted 
to optical techniques are of great interest to micro- 
scopists, and will help them to think about their 
problems from a new point of view. The beautifully 
illustrated chapter on anomalous image formation 
and spurious resolution will provide theoretical optical 
physicists with food for thought. The last hundred 
pages or so deal with practical applications. These 
range from the large subject of graticule manufacture 
through document copying to such diverse research 
methods as resolution testing, the study of fine 
mechanical movements and autoradiography. 

This is a pioneer effort, and the author has not 
been able to make use of other text-books on the 
subject. It would be surprising if such a book were 
free from errors or if all sections were easy to read. 
Such things are of little importance and can be 
attended to in future editions. The really important 
fact is that this book should have been written at all, 
for it contains a mass of information which has 
hitherto been available only to specialists. Adequate 
references are provided after each chapter, and, as is 
to be expected, the numerous plates are of very high 
quality and unusually informative. R. BaRErR 


MAGNETIC AMPLIFIERS 


Transductors and Magnetic Amplifiers 
By Dr. A. G. Milnes. Pp. xiv+286+16 plates. 
(London: Macmillan and Co., Ltd.; New York: 
St. Martin’s Press, Inc., 1957.) 63s. net. 


HE magnetic amplifier is essentially a non-linear 

element and does not lend itself to a general 
solution. The extensive literature on this subject 
tends to treat particular aspects of it rather than 
give an overall generalized picture. This book gives 
a@ very complete survey, and attempts to bring the 
different aspects together and place them on a common 
foundation. The author is well known for his analyti- 
cal treatments of the series and _ self-saturated 
magnetic amplifiers. These theories have been 
integrated into the book and give the specialist a 
valuable insight into their operation. : 

The introductory chapter describes the basic 
operation of the transductor, flavoured with a little 
of the analytical theory which is fully developed in 
the later chapters. The effect of core material and 
rectifier performance is discussed in detail, and typical 
figures for a range of 400 c./s. maghetic amplifiers 
with selenium rectifiers are given. Unfortunately the 
figures are rather out of date, as much better results 
are now obtained with silicon and germanium diode 
rectifiers. 

Detailed analyses are given of the series-connected 
transductor with various degrees of positive feedback 
and the self-saturated magnetic amplifier. The 
B-H loop is approximated to three straight lines, 
having a finite slope in the unsaturated condition, 
and zero slope in the saturated conditions. Although 
this gives good agreement for current sensitivities 
achieved in practice, the omission of a hysteresis 
term from the approximation does not allow the 
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absolute position of the input-output current charac- 
teristic to be estimated and gives, for square loop 
materials, theoretical current waveforms which differ 
widely from those observed in practice. 

The specialist will find the discussion on push-pull 
circuit operation, three-phase magnetic amplifiers 
and the effect of inductive and capacitive loads on 
general magnetic amplifier performance most informa- 
tive and enlightening. The chapter devoted to 
magnetic amplifiers with a.c. control is too limited in 
scope to be of much value to the design engineer. 
The reader will find the design criteria for maxi- 
mum power gain, which is of prime importance 
in this type of operation, overlooked. There is a 
similar lack of clear-cut design statements in the 
chapter on voltage reset and transistor magnetic 
amplifiers. However, the research worker will find 
these chapters stimulating for future development 
work. 

The information given on magnetic amplifier 
applications and associated magnetic core devices 
enables the reader to get a very good appreciation 
of the practical state of the art. The four-limbed 
core magnetic amplifier, the magnetic modulator, 
ferro-resonant devices, magnetic counting and storage 
are & few of the topics discussed. 

The mathematical treatments are of undergraduate 
level and have been kept to a minimum. The discus- 
sions are well supported with self-explanatory 
diagrams. The full-plate photographs give com- 
pleteness to the descriptive details on magnetic 
amplifier construction and practice. 

The diverseness of the information contained in 
this book cannot but broaden the reader’s outlook 
in this field. Particular aspects of the subject can 
easily be followed up from the excellent appended 
bibliography. The theoretical treatments are sound, 
and give the student and specialist a valuable insight 
into magnetic amplifier operation. Engineers will 
find much useful design information. Although 
practical experience plays an important part in 
this matter, it is felt that the fundamental issues at 
stake could be more clearly stated, especially in the 
case of high-speed magnetic amplifier design. 

D. F. WaLKER 


POPULARIZING THE 
INTERNATIONAL GEOPHYSICAL 
YEAR 


Once round the Sun 

The Story of the International Geophysical Year, 

1957-58. By Dr. Ronald Fraser. Pp. 160+ 19 plates. 

peng Hodder and Stoughton, Ltd., 1957.) 
- het. 


N recent months members of national committees 
4 for the International Geophysical Year have been 
increasingly embarrassed by requests for information 
—from the Press, radio and television—about the 
organization and aims of this great scientific enter- 
prise. These demands have been a challenge, not 
always easy to meet ; for geophysics includes many 
interrelated sciences and the programme of the 
International Geophysical Year is necessarily directed 
towards the boundaries of existing knowledge. 

In this little volume we have the first popular 
and comprehensive account designed to meet the 
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needs of a wide public. The author, Dr. Ronald 
Fraser, is well equipped for his task, being the 
administrative secretary of the International Council 
of Scientific Unions—the parent body which spon- 
sored and set in motion the project of the International 
Geophysical Year some six years ago. 

The book is divided into two parts. In the first 
the reader is skilfully introduced to some of the real 
problems which now confront the geophysicist. 
These discussions range over such topics as fossil 
magnetism, continental drift, climate and weather, 
the ionosphere and solar-terrestrial relations. The 
second part deals with the planning of the Geophysical 
Year from its inception. There is a fascinating 
chapter on Antarctica. This is illustrated with fine 
photographs and describes the setting up of the 
various bases by the nine different countries which 
are now operating in that inhospitable and largely 
unknown continent. Another chapter tells of the 
plans for the rocket and satellite programmes. The 
language is everywhere simple and concise ; the style 
humorous and imaginative. 

Here and there one comes across statements which 
require correction or modification. Thus we read 
(p. 88)—‘‘solar flares, no matter how intense, that 
occur far out towards the periphery of the sun’s dise, 
are not followed by magnetic storms in the earth’s 
upper atmosphere; whereas there is a practically 
one-to-one coincidence between the number of flares 
near the centre of the sun’s disc and that of great 
magnetic storms on earth’. It has been shown by 
H. W. Newton in his celebrated papers on this 
subject that the “one-to-one coincidence” between 
flares and subsequent storms applies only to intense 
(Class 3+ and 3) flares; the relationship breaks 
down for the much more numerous flares of Classes 2 
and 1. Again, it is the probability that a great storm 
will follow an intense flare which decreases as the 
flare is located nearer to the Sun’s limb. There 
have, indeed, been a few examples of great storms 
following upon flares near the limb (for example, 
that of January 25, 1938), but this sequence is 
rare. We infer that the emission of the magnetic 
storm particles from a flare takes place within 
a cone-shaped beam, the semi-vertical angle of 
which is normally less than 45°, but may be as great 
as 90°. 

Commenting on the present wastage of the northern 
glaciers (p. 119), the author mentions that if the ice 
sheet covering Antarctica were to melt the average 
sea-level would rise by nearly 200 feet. Then follows 
the statement: “This might conceivably happen in 
say 10,000 years, but an initial rise in the average 
sea-level of, say, 30 feet in 10 years is not impossible”’. 
The reader may find so great a difference between 
what is “conceivable”? and ‘‘not impossible’? both 
puzzling and alarming. 

On p. 137, and again in the illustration opposite 
p. 140, the auroral all-sky camera is said to employ 
a ‘‘convex lens’”’. This should read “convex mirror’’. 
On p. 118 the author refers to two cosmic galaxies 

which ‘“‘collided tens of millions of light-years ago’’. 
The light-year, of course, is a unit of distance, not 
of time. 

However, these are trivial blemishes in what is at 
once a most entertaining and illuminating account of 
a great scientific venture. We can confidently 
recommend Dr. Fraser’s “Story of the International 
Geophysical Year” as an admirable piece of popular 
exposition. M. A. Extison 
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HUMANITIES FOR THE TECHNOLOGIST“ 


By Sin ERIC ASHBY 


Vice-chanceilor of The Queen’s University, Belfast 


ODERN technology is confronting us with an 

exceedingly perplexing biological problem. It 
lies in the field of human ecology. It is the problem 
of how men and communities can adapt themselves 
to an environment which is changing with unpre- 
cedented speed. Napoleon, who died only 136 years 
ago, was not able to cross the Alps any faster than 
Hannibal crossed them. To-day you can have break- 
fast in London and lunch in Rome. Gladstone, who 
died less than: two generations ago, was not able to 
reach more people with his voice than Demosthenes 
reached with his. To-day a Prime Minister’s voice 
can be heard in the homes of millions. The rate of 
change in the past hundred years is of a different 
order from that in previous centuries; and the 
changes are not merely advances in technology : 
they are drastic transformations in the environment 
of man. 

In contrast to this, man remains very much as he 
was when history began. He learns no more efficiently 
than a pupil in Plato’s Academy learnt. He thinks 
no more deeply than Plato thought. His chromosomes 
are conservative and resistant to change. He responds 
to new environments not by innovations in his 
heredity but by the marvellous adaptability of his 
ancient genetic heritage. This adaptability would be 
impossible if the only channel of inheritance from 
one generation to the next were through the sperm 
and the egg. In man—and in man alone—there is a 
second channel of inheritance. The accumulated 
knowledge and traditions of society are inherited not 
through the chromosomes but through education. 
Over this channel of inheritance we have some 
influence and we can assume some responsibility. 

This gigantic problem—-the adaptation of society 
to a rapidly changing environment—confronts 
teachers of all kinds at every level of education. 
One aspect of it—the higher education of tech- 
nologists—is the concern of universities, colleges of 
technology and professional institutes, and it is 
specially important because technologists are now 
becoming the pacemakers for social change; com- 
munities which formerly developed on _ the 
initiative of princes, or bishops, or financiers, or 
soldiers, now develop on the initiative of tech- 
nologists. It is no exaggeration to say that the 
quality of education to be given to technologists 
may deeply influence the future of the West. 

It is first of all necessary to recollect how tech- 
nological education arose in Britain. The first 
Industrial Revolution was accomplished without 
scientists or technologists. Our industrial strength 
lay in our amateurs and our self-made men: the 
‘cultivator of science’ (as he was called), the crafts- 
man-inventor, the mill-owner, the ironmaster. It was 
no accident that the Crystal Palace, that radiant 
symbol of the supremacy of British technology, was 
designed by an amateur. In 1851 most people in 


* Substance of the forty-seventh Annual May Lecture of the 
Institute of Metals, delivered at the Royal Institution on April 29, 
and published under the title “Technological Humanism” in the 
Journal of the Institute of Metals, 85, 461 (1957). 


authority saw no danger in the fact that Britain had 
no State system of primary education (a third of the 
population was still unable to read or write) ; or in 
the fact that there was scarcely any science teaching 
in secondary schools (“it is plainly out of the ques- 
tion”, said Moberly of Winchester, ‘‘that we should 
teach chemistry’’); or in the fact that there were 
no opportunities for the study of higher technology 
except a little in London and in Scotland. It did not 
seem worth while to spend money on popular educa- 
tion, for industry was flourishing and man-power was 
cheap; nor did there seem to be any reason why 
the well-to-do classes (who were concerned with 
administration and management and not with mere 
technical details) should depart from their traditional 
education in the classics. 

Fortunately, there were men of foresight who were 
unhappy about this situation. The Royal Com- 
mission on the University of Oxford, for example, 
tried to encourage Oxford to pay attention to the 
physical sciences by saying that unless ‘the clergy 
and gentry ... are encouraged to keep pace with 
the progress of Society at large . . . they may find 
themselves placed below persons in many respects 
inferior and an opposition may arise between Physical 
Science and other branches of knowledge’’?. 

Such admonitions as these made very little impres- 
sion on the managers and mill-owners and iron- 
masters of Britain. So, when the Society of Arts 
and the new government Department of Science and 
Art did set up schemes to encourage scientific 
education, these schemes were almost exclusively for 
the benefit of artisans and the “labouring poor”. 
Clearly admonitions were not enough ; a much more 
powerful impact was needed to overcome public 
inertia to technological education. 

That impact was provided by the International 
Exhibition held in Paris in 1867. Britain had won 
awards in nearly every class in the 1851 Exhibition, 
but in the 1867 Exhibition she had to be content 
with a bare dozen awards. No longer was there the 
reassurance of easy industrial supremacy. Instead, 
there was alarming evidence that Britain had made 
little progress in the peaceful arts of industry since 
1851 and that Continental countries had now become 
serious competitors. 

What had happened in the interval between the 
two Exhibitions to bring about this change ? There 
were many causes at work, but the chief cause un- 
doubtedly arose from Britain’s monopoly of much of 
the ‘know how’ she had acquired during the Indus- 
trial Revolution. Up to 1825 it was a penal offence 
to enlist English artisans for employment abroad. 
Well on into Queen Victoria’s reign, the export of 
spinning machinery to foreign countries was pro- 
hibited. When Continental countries began to build 
railways and mills and factories, they found it 
extremely difficult to obtain access to British tech- 
niques and practices. They had to make up for half 
a century of lost time. Their response was to produce 
a new species of professional man: the manager- 
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technologist. To this end they established poly- 
technics with the specific purpose of training not the 
rank and file of workers, but engineers, designers, 
chemists and potential managers for industry. In 
Zurich, in Dresden, in Delft, even in the United 
States, there arose mid-century technological 
institutes which had no parallel in Britain. Their 
function is well summarized by the words used to 
describe the Massachusetts Institute of Technology 
(founded in 1864) as a place “intended for those who 
seek administrative positions in business . . . where 
a systematic study of political and social relations 
and familiarity with scientific methods and processes 
are alike essential’. 

The prime purpose of this widespread system of 
technological education abroad was not human- 
itarian: it was to enable Continental countries to 
catch up with, and to overtake, British industry. 
Aecordingly, in the polytechnics emphasis was laid 
on a combination of science, technology and general 
knowledge, suitable for men who would direct tech- 
nical policy. Already by 1867 this experiment had 
begun to yield results. The results were obvious to 
Britain, and it was this challenge from the Continent, 
rather than a demand from industry at home, which 
drove Britain finally to set her: educational house in 
order. 

England could not meet the challenge from 
the Continent by building polytechnics, for she 
had no adequate foundation of schooling on which 
to build. So, even after the need for technical 
and technological education had been realized, 
the response was slow and uncertain. In 1870 
the Government introduced compulsory primary 
education. But Parliament was still unwilling to 
support trade schools and technical schools ; it was 
the Livery Companies which first undertook to 
assume this responsibility. In 1867 they set up the 
City and Guilds Institute, which fathered not only 
the first genuine technical college (at Finsbury) but 
also (at South Kensington) the first genuine institute 
for higher technology. Not until 1889 did public 
authorities take over elementary technical education, 
and even then education in higher technology was 
not made a public responsibility ; most of it was left 
to the universities and university colleges. 

Here is one clue to an understanding of the present 
cwricula in higher technology in Britain. The spur 
to technological education in universities was not in 
the first instance a demand from industry for scien- 
tifically trained managers ; it was the determination 
of a few far-sighted men to create a supply in 
anticipation of a demand. Accordingly, the pioneers 
of technological education in universities found them- 
selves having to justify their subjects on academic 
and not on utilitarian grounds. They could not 
prove to their academic colleagues that higher tech- 
nology was useful, and so they had to make it appear 
respectable. Accordingly they felt obliged to follow 
the fashions set by more venerable faculties. There- 
fore, when, under the influence of German scholarship, 
specialization became fashionable, technology fol- 
lowed the fashion. Part of the price paid for following 
the fashion was a narrowing of the curriculum in 
every discipline—not only in technology. No longer 
was it necessary for a man taking the classical tripos 
at Cambridge to pass first a tripos in mathematics 
and mechanics. .No longer did the London B.A. 
Tequire some knowledge of both the humanities and 
the sciences. Higher technological education abroad 
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was from the beginning intended to produce not only 
experts but also managers and leaders in industry. 
In the British economy of the 1860’s and 1870’s there 
was no shortage of men for the board-room: the 
shortage was in the design office, the laboratory, and 
the plant; therefore, the pattern of higher tech- 
nological education set in Britain at that time was 
one to produce experts to advise on policy, not 
leaders to make policy. With modifications, accre- 
tions and improvements, that pattern has persisted 
ever since. 

Regarded as a preparation for doing nothing but 
organic chemistry, or non-ferrous metallurgy, or light 
electrical engineering—in other words, regarded as a 
production line for highly differentiated experts— 
there is nothing much wrong with technological 
education in Britain. However, grounds for anxiety 
do exist, for buried at the foundations of our system 
for educating higher technologists there are two 
assumptions, both of which are wrong. ‘The first 
assumption is that the technologist has had a balanced 
schooling with a thorough grounding in what are 
vaguely called the ‘humanities’. The second assump- 
tion is that the technologist is to become and to 
remain an expert to serve the manager, never to 
become a manager himself. Because these two 
assumptions are still made, the question of including 
the humanities in higher technological education is 
still not taken seriously. 

Contrast this with the training being given to 
technologists in other countries. The student at the 
Massachusetts Institute of Technology must devote 
a considerable portion of his time throughout all four 
years of his course to English composition and 
literature, history, psychology, international relations 
and economics ; and these subjects are taught in a 
way which is relevant to technologists. In the Swiss 
Federal College of Technology at Zurich, third- and 
fourth-year students include in their course law, 
economics and management, and there is a Depart- 
ment of General Education with twelve professorships 
covering foreign languages, philosophy, history, law 
and political economy. In the Technical University 
of Delft, there is a so-called Studium Generale, which 
provides lectures on religion, philosophy, musie and 
art. Even technological institutions in the Soviet 
Union devote some time to the humanities and. the 
social sciences*. The British Commonwealth has not 
ignored these examples: in the New South Wales 
University of Technology there is a Department of 
Humanities, with a full professor at its head. Even 
some English technical colleges have introduced an 
element of the humanities into their courses*. Never- 
theless, universities in Britain are not yet persuaded 
that the humanities are an essential ingredient in 
higher technological education. Many universities do 
indeed arrange opportunities for students to broaden 
their interests through voluntary attendance at 
lectures on art and music and the like. This is 
admirable, but it is a very different thing from 
recognizing certain humanistic studies as an integral 
part of a technologist’s formal higher education. 

Let us be quite hard-headed about the humanities 
which should be included in higher technological 
education. There are four criteria for selecting them. 
First, they should not include subjects which can 
and ought to be taught at school. Second, they 
should be taught as genuine humanities, that is to 
say, they should deal with the creative and social 
acts of man, and particularly with value-judgments 
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about these acts: man’s ideas of right and wrong, 
of good and evil, of justice, freedom and government. 
Third, they should be taught in such a way as to be 
relevant to the contemporary world and to tech- 
nology. Fourth, humanities at this level of teaching 
should be instruments to enhance the individuality 
of students, to resist that levelling of differences im 
taste and personality, that tendency to increase 
social entropy, which is a melancholy consequence of 
the modern techniques of mass communication. 

Indeed, what is needed is nothing less than a 
revision of the idea of a liberal education. The 
“Oxford Dictionary’? defines liberal education as 
education fit for a gentleman. That is still an accept- 
able clefinition ; it is the idea of a gentleman which 
has changed. A century ago, when Britain awoke to 
the need for technological education, a gentleman 
belonged to what was called the leisured class. ‘lhe 
occupations of his leisure did not require any know- 
ledge of science or technology. Modern gentlemen do 
not belong to the leisured class. Many of them work 
something like a seventy-hour week, and more and 
more of them are finding that their business requires 
expert knowledge. Even members of the House of 
Lords find themselves called upon to make decisions 
about radioactive fall-out and overheating during 
supersonic flight and the strontium content of bones. 
Dare I suggest that, in order to be a gentleman 
nowadays, one has to be something of a technologist ? 

But technology alone will not make a modern 
gentleman. It is nothing new to suggest that tech- 
nologists should know something of the humanities. 
I want to go farther ; I want to suggest that certain 
of the humanities are an integral part of technology. 
‘Technological humanism’ is not just a rhetorical 
phrase: it has genuine content. 

For technology is inseparable from men and com- 
munities. In this respect technology differs from 
pure science. It is the essence of the scientific method 
that the human element must be eliminated. Con- 
trary to the assumptions of some people, science does 
not dispense with values ; but it does eliminate the 
variability of human response to values. It concerns 
itself only with phenomena upon which all qualified 
observers agree. It describes, measures and classifies 
in such a way that variation due to human judgment 
is eliminated. 

Unlike science, technology concerns the applica- 
tions of science to the needs of man and society. 
Therefore, technology is inseparable from humanism. 
The technologist is up to his neck in human problems 
whether he likes it or not. Take a simple example : 
the civil engineer who builds a road into a new 
territory in tropical Africa. He may assert that it is 
not his business to take into account the effect his 
road will have on primitive villages up-country ; but 
his road is in fact a major experiment in social 
authropology. He does not need to be a professional 
anthropologist, but he cannot afford to be utterly 
ignorant of the implications of his work. He is a 
technologist, not a pure scientist: the social con- 
sequences of his work are therefore an integral part 
of his profession. 

Long ago, in “Science and the Modern World’’, 
A. N. Whitehead saw the essential unity between 
technology and humanism. He said: “A factory 
with its ma¢hinery, its community of operatives, its 
social setvice to the general population, its dependence 
upon organizing and designing genius, its potential- 
ities as a source of wealth to the holders of its stock 
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is an organism exhibiting a variety of vivid values. 
What we want to train is the habit of apprehending 
such an organism in its completeness’. 

The habit of apprehending a technology in its 
completeness: this is the essence of technological 
humanism, and this surely is what we should expect 
an education in higher technology to achieve. How 
is it to be achieved ? Ninety years ago, when Thomas 
Henry Huxley was giving evidence before a Select 
Committee on Scientific Instruction, he poured scorn 
on the universities because they made literature and 
grammar the basis of education and (as he put it) 
‘they actually plume themselves upon their liberality 
when they stick a few bits of science on the outside 
of the fabric”. It will not do for us, ninety years 
later, to reverse the process and to plume ourselves 
upon our liberality when we stick a few bits of the 
humanities on the outside of the fabric of higher 
technology. It should be our business in higher 
technological education to persuade students that 
they cannot practise technology without continually 
reflecting upon its social implications, and that some 
understanding of the humanities is essential to this 
reflexion. For a metallurgist to take a course in 
general history in order to acquire a little culture is 
an innocent but not necessarily a very profitable 
amusement. But if the metallurgist studies the 
social and economic history of the Industrial Revolu- 
tion; if he learns how the making of iron followed 
the forests across Europe until coal replaced char- 
coal; if he realizes how mining and the building of 
railways and canals stimulated the study of geology, 
amd how this in turn brought men face to face with 
the evidence for organic evolution; if he considers 
the effect which the introduction of electric power 
has had on the distribution and lay-out of factories, 
and the effect which aluminium alloys have already 
had (through air transport) on the conduct of 
diplomacy: then history becomes integrated with 
metallurgy ; his humanism becomes a relevant part 
of his day-to-day thinking. 

What does all this involve in, for example, the 
weekly time-table of a civil engineer in a British 
university ? It involves a little more time in the 
undergraduate course, secured either by cutting some 
subjects down or by lengthening the course. Since 
Britain is about the last country in the world to 
attempt to train technologists in three years from the 
post-intermediate stage, I would not regard this as a 
very grave obstacle. It involves a little more money. 
Since it costs £45,000 to train a bomber pilot and 
about £1,500 to train a technologist, I would not 
regard some additional cost as a grave obstacle 
either. It involves some newly designed courses 
which are within the capacity of lecturers normally 
to be found in faculties of arts, law and economics. 

Here are some examples of the choice of courses 
these lecturers might offer to technology students : 
(a) @ course on ethics and jurisprudence, with some 
discussion of the principles of law and justice (such 
as might be given by a legal philosopher); (b) 4 
course on industrial and social history of Europe 
since the seventeenth century, with emphasis on the 
social effects of technological change (such as is 
already offered at the Dutch Institute of Social 
Studies at The Hague); (c) a course on political 
theory, political institutions and the history of guilds 
and trades unions (this would be an opportunity for 
medieval as well as modern historians) ; (d) a course 
on industrial psychology ; (e) a course on sociology 
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and social anthropology ; (f) @ course on the history 
of technology, ineluding readings from the classics of 
science and technology (this might go some way 
toward meeting one criticism of all present courses 
on technology, namely, that it is possible to get a 
first-class honours degree without ever having read a 
work of genius); (g) @ course on linguistics and 
communication (a development of some of the 
material contributed to the Communication Research 
Centre at University College, London). 

All industrial peoples have to solve a great problem 
in human ecology, namely, how to adapt themselves, 
through the second channel of inheritance, to the 


social climate which is being created by modern 
technology. Technologists have a special respons- 
ibility to solve this problem for themselves and to 
reflect on its implications for their fellow citizens. 
The solution for technologists lies through the 
inheritance of education they receive. The appro- 
priate education for higher technology should be one 
which does for contemporary civilization what our 
traditional classical education has so successfully 
done for the civilizations of Greece and Rome. 


1 Report of the Royal Commission on the University of Oxford, 1852. 
2 de Witt, N., “Soviet Professional Manpower” (Washington, 1955), 
’ “Liberal Education in a Technical Age” (London, 1955). 


CHEMICAL TRANSMISSION OF NERVE IMPULSES IN 
VERTEBRATES AND INVERTEBRATES 


EGINNING with the presidential address of Sir 

Lindor Brown on the subject of chemical trans- 
mission at nerve endings, Section I (Physiology and 
Biochemistry) of the British Association, at the recent 
meeting in Dublin, devoted its first two sessions to 
many different aspects of this problem. The presi- 
dent’s address combined a simplicity of language 
with a remarkable amount of information about the 
intricate mechanisms which are concerned in gan- 
glionic and neuro-effector transmissions. The next 
speaker (Dr. Catherine O. Hebb, Agricultural Research 
Council, Cambridge) dealt specifically with the occur- 
rence of cholinergic nerve fibres in the central nervous 
system. These have been identified by the distribution 
of enzymes controlling acetylcholine metabolism. As 
a background for this study, evidence was cited 
to show that choline acetylase and acetylcholine 
exist together in the same tissue particles or 
organelles, which are probably not the mito- 
chondria. This distribution of acetylcholine is in 
agreement with ideas expressed earlier by Katz and 
his co-workers. 

The immediate relevance of this work is in showing 
that the distribution of choline acetylase is probably 
the most reliable guide to the distribution of cholin- 
ergic neurones. In the central nervous system, these 
are to be found in sensory pathways as the second- 
order neurones ; in the case of the visual and auditory 
pathways, they form the fourth-order neurones as 
well. Other points emphasized were that all the 
afferents to the caudate nucleus in man as well as 
other mammals appear to be cholinergic, that no 
cells arising within the cerebellum are cholinergic and 
finally that the proportion of cholinergic neurones 
has become greatly reduced in the cerebral neocortex 
as it has enlarged during the course of the evolution 
of the higher mammals. 

Dr. H. Blaschko (Oxford), who followed, described 
the very complex metabolic route which leads 
ultimately to the formation of noradrenaline and 
adrenaline. Not all the enzymes concerned in the 
hecessary transformations are as yet known, but the 
past few years have seen very considerable progress 
in identifying the precursors of these two amines. 
One of these is dopamine, and the point was made 
that in view of the large amounts of this substance 
Which are stored in adrenergic nerves it could have 
some function other than as a precursor of adrenaline 
and noradrenaline. 


The second part of Dr. Blaschko’s talk concerned 
the tissue storage of adrenaline and noradrenaline. 
This occurs in tissue organelles (separate from one 
another), which are typical of adrenal medullary or 
other chromaffin tissue and which are characterized 
by their high density. They can be distinguished 
from the mitochondria as they contain none of the 
respiratory enzymes. 

The interesting feature of this storage is that the 
organelles containing the two amines also contain 
adenosine triphosphate in amounts which would be 
expected (1 mol. adenosine triphosphate to 4—5 mol. 
amine) if all of the amine present is bound to the 
triphosphate. 

It could be that the events set in train by the 
arrival of a nerve stimulus lead through the activity 
of adenosine triphosphatase (also abundant in the 
adrenal medulla) to breakdown of the adenosine 
triphosphate and hence to the release of the stored 
adrenaline or noradrenaline. 

Beginning the second session, held jointly with 
Section D (Zoclogy), Dr. D. B. Carlisle (Marine 
Biological Association, Plymouth) spoke about his 
search for the identity of the transmitter which is 
released from the pericardial organs of the crab’s 
heart. Experiments on other Crustacea also con- 
tributed to his conclusions. The nature of the peri- 
cardial organs of the crab has only become apparent 
in the past few years; it appears that they consist 
largely of efferent nerve endings, and these lie wholly 
immersed in blood in the pericardial space. The 
material which they release can be detected down- 
stream to them in the blood flowing into the heart. 
On the isolated heart of the edible crab, the active 
material obtained either as an extract of the peri- 
cardial organs or from the blood flowing away from 
them increases both the amplitude and frequency of 
the beat ; while in the spider crab increased amplitude 
is combined with slowing of the heart-beat. Of a 
number of cardiac stimulants tested, only 5-hydroxy- 
tryptamine came near to reproducing these responses 
precisely ; other evidence, however, including paper 
chromatographic analysis, indicated that the material 
was not likely to be 5-hydroxytryptamine. Instead, 
there are various pointers to suggest that 5,6-di- 
hydroxytryptamine is the transmitter. While this 
view has not yet been tested beyond doubt, it pro- 
vides the best explanation of all the experimental 
evidence now at hand. 
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Dr. O. F. Hutter (University College, London) 
was concerned with the mechanisms which underlie 
eardiac inhibition by acetylcholine or vagal stimula- 
tion. He showed first, by means of recordings from 
intracellular electrodes, that the cardiac action 
potential (accompanying systole) in pacemaker fibres 
is curtailed or abolished by the inhibitory stimulus. 
The explanation is that the membrane resistance of 
sinus fibres is lowered by acetylcholine; this is 
indicative of a change in permeability to ions that 
normally contribute to the resting potential. Both 
chloride and potassium ions may be involved, but 
experiments with radioactive isotopes indicate that the 
change of permeability is specific for potassium ions. 

Dr. Hutter concluded by suggesting that acetyl- 
choline brings about these effects by acting on specific 
receptors which are abundant in the regions of the 
pacemaker and probably, too, at the atrio-ventricular 
node ; but are absent from ventricular and Purkinje 
tissue. 

The problem of inhibition by a chemical trans- 
mitter was also dealt with by Dr. P. Fatt (University 
College, London), who pointed out the analogies 
existing between the specific inhibitory fibres of some 
crustacean muscles and the fibres which inhibit dis- 
charges from the anterior horn cell of the mammal. 
Analysis of experiments done earlier with Prof. B. 
Katz on the effects of combined stimulation of the 
inhibitory and excitatory fibres has led them to 
conclude that the transmitter of the inhibitory 
impulse acts (1) competitively to displace the excit- 
atory substance from the tissue receptors, and (2) by 
@ direct action on the membrane. 

Dr. Fatt considered that the same ideas could be 
applied in explanation of the inhibition of the 
anterior horn cells of the mammalian spinal cord. 
In an analysis of this inhibition he showed that the 
electrical change (whether in the direction of hyper- 
or de-polarization) is conditioned by the level of the 
negative potential of the cell above its resting value. 
Similarly, experimental increase in the intra-cellular 
chloride ions reverses the hyperpolarization response 
to one of depolarization. Sulphate ions are inactive in 
this respect. Dr. Fatt’s conclusion was that inhibition 
of the anterior horn cell is due to an increase in 
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permeability to chloride ions. Whether permeability 
to potassium ions is also affected is difficult to 
determine. In crustacean muscle, however, it appears 
that the permeability to both potassium and chloride 
ions is affected. In a later discussion, Dr. Fatt said 
that the inhibitory substance concerned in these 
effects might be y-amino-butyric acid, since it has 
been reported by other workers that this is the 
inhibitory substance of crustacean muscle and it also 
has inhibitory effects on the vertebrate central 
nervous system. In a preliminary experiment he had 
himself found that y-amino-butyric acid does reduce 
the membrane resistance’of crustacean muscle fibres, 
thus supporting the suggestion that it may be the 
inhibitory transmitter. Dr. Hutter made the point 
that this substance is an anion, which may in some 
way account for the fact that it increases membrane 
permeability to chloride ions, whereas acetylcholine, 
which is @ cation, does not. 

Dr. J. 8. Gillespie (University College, London), in 
the concluding paper, described his experiments to 
determine the rate of liberation of noradrenaline 
from the sympathetic fibres innervating the spleen. 
The chief interest of his communication was that it 
provided evidence showing that relatively large 
amounts of noradrenaline are taken up by the tissue 
receptors. This effect is unmasked by the adminis- 
tration of agents which block the receptors. With 
this treatment it is possible to demonstrate the 
release of noradrenaline from a number of other 
sympathetic nerves, whereas in the absence of 
blocking agents it is only from the splenic nerve 
effluent that detectable amounts of noradrenaline 
can be recovered. 

One of the interesting features of these two sessions 
was the great diversity of techniques which had been 
employed by the various authors. It was interesting, 
too, to reflect how much more important the concept 
of chemical transmission has become in the past few 
years and how much more widely it is now applied. 
Certainly it is no longer a concept which is under- 
stood by the few and ignored by most physiologists. 
Instead it seems to have become a meeting point for 
physiologists whose interests are otherwise entirely 
diverse. CATHERINE HEBB 


RADIATION AND BIOLOGY 


N September 9, in Dublin, Sections D (Zoology), 

I (Physiology and Biochemistry), K (Botany) 
and M (Agriculture) of the British Association held 
@ joint session under the chairmanship of Prof. D. G. 
Catcheside, on radiation and biology. 

Mr. J. L. Putman, of the Atomic Energy Research 
Establishment, Harwell, opened the session with a 
paper entitled ““The Physical Basis of Radioactivity’’. 
In it he reviewed the development of the subject in 
the sixty-one years since Becquerel’s discovery, 
touching upon some of the modern applications of 
radioactive materials. His talk was essentially an 
introduction which lucidly prepared the way for the 
papers which followed. 

The pauper read by Mr. R. N. K. Whitehouse, of 
the Plant Breeding Institute, Cambridge, was entitled 
“‘“Radiation-induced Mutations in Crop Improvement’. 


It was both a review and assessment of the progress 
that has been made, and an attempt to forecast 
what the future may hold. To assess the value of 
radiation as a source of new mutation, ‘it is necessary 
to consider what progress might have been made 
without it, by the classical methods of the plant- 
breeder, namely, selection with or without hybridiza- 
tion. It is perhaps not realized sufficiently often that 
exposure to radiations can only induce new genetic 
variability ; by far the greater part of any plant- 
improvement programme, whether based on natural 
or on induced variability, consists of the subsequent 
breeding and selection. t 
‘Mutation breeding’ has been used with three 
classes of crop plant: self-pollinators, cross-pollin- 
ators, and plants that normally reproduce vegeta- 
tively. It is among the self-pollinators, which are 
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genetically homozygous, except at loci at which 
mutation has occurred in recent generations, that 
selection without mutagenic treatment may be 
expected a priori to be least effective ; and in point 
of fact it is with this class of plant that mutation 
breeding has been most used. Very few mutation- 
bred strains have yet reached the market, but this 
is partly because insufficient time has elapsed. In 
Sweden, two mutant strains of barley with valuable 
new characteristics are now being multiplied for 
marketing: one has short straw and the other is 
both early and short-strawed. Strains with improved 
straw strength and mildew resistance have been 
reported from Germany and Austria, and one of 
these is now being multiplied for the market. Rust- 
resistant wheat and oats have been reported from the 
United States. Among non-cereal crops, a cooking 
pea with improved yield has already been marketed 
in Sweden, and improved peanuts are being developed 
in the United States. It is too early yet to assess the 
full value of the method with plants which are 
normally self-pollinating, but it is quite possible 
that its main value may yet prove to be in combina- 
tion with hybridization of such plants. 

Cross-pollinators commonly have such an abun- 
dance of genetic variability available that the plant- 
breeder has not often considered it necessary to 
increase it by irradiation. However, mutation 
breeding has been used successfully in Sweden to 
provide strains of white mustard and of rape with 
increased oil content, and is now being used with 
various other plants, including sugar-beet. For the 
third main class of plant, those normally reproducing 
vegetatively, there have been no reports yet of useful 
induced-mutant strains. Work on fruit trees is in 
progress in the United States, Sweden and Germany, 
as well as England ; one of the difficulties is that the 
breeder is dealing with an irradiated population of 
cells, as in @ woody shoot, and there may be differen- 
tial viability between the normal and mutant cells, 
with subsequent elimination of the latter. Repeated 
cutting back of new growth, thereby stimulating 
the growth of dormant buds, may, however, help to 
overcome this. 

Looking into the future, Mr. Whitehouse visualized 
the conditions under which the use of radiation- 
induced genetic variability may prove valuable. 
He listed five : (1) where it is desired to add a single 
character to a delicately balanced genotype, as with 
rust resistance in oats ; (2) in vegetatively propagated 
plants, where sexual reproduction will destroy the 
characteristics of the variety ; (3) where a desirable 
gene is known to exist, but is unobtainable for 
biological, geographical or political reasons; (4) to 
extend the range of variability of a variable character 
in & sexually reproducing plant ; (5) in special pro- 
blems such as breaking close linkage or transferring 
characters through chromosome fragmentation. How- 
ever, though irradiation is already proving a valuable 
tool for the plant breeder, it is by no means a panacea 
for all ills; and though it may speed selection, it 
does not and cannot eliminate the need for large 
breeding programmes. Valuable mutants occur, but 
the great majority, by far, are detrimental. 

Dr. N. G. Trott, of the Royal Marsden Hospital, 
spoke about “Radioactivity—its Hazards and Benefits 
to Health”. As a hospital physicist, he reviewed 
first the history of radiation protection measures, 
from the recommendations of the British X-Ray 
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and Radium Protection Committee, thirty-six years 
ago, to the recent recommendations of the Inter- 
national Commission on Radiological Protection. 
Present-day protection procedures are based largely 
on knowledge gained through unwitting malpractice 
in the past: uranium miners who developed lung 
cancers, dial-painters who licked their paint-brushes 
and afterwards developed bone cancers, and radio- 
logists who developed skin cancers or leukzemia, all 
contributed to the knowledge on which present-day 
safety precautions depend. Dr. Trott described and 
illustrated sorae of the means of controlling the 
radiation environment and measuring the radiation 
which reaches the human body: space monitors, 
film badges, counters, glove-boxes, lead and con- 
crete shielding, and all the paraphernalia of a 
radiation laboratory. The success of such methods, 
if rigorously applied, is shown by the fact that none 
of the staff of the United Kingdom Atomic Energy 
Authority receives more than the maximum permis- 
sible dose of radiation, as defined by the International 
Commission on Radiological Protection, and 90 per 
cent receive only up to one-tenth of the permissible 
maximum. 

Clinical applications of radioactive isotopes are 
increasing rapidly ; they find use both in diagnosis 
and in therapy. In diagnosis, very small quantities 
of short-lived isotopes are injected into or ingested 
by the patient, and their course is followed by means 
of very sensitive radiation detectors, especially 
scintillation counters. Sodium-24 has many applica- 
tions in studies of blood circulation ; iodine-131 in 
thyroid disorders ; chromium-151 in the measurement 
of red cell volumes ; and cobalt-58 in the diagnosis of 
pernicious anemia. 

Radioactive isotopes for use in therapy may be 
applied externally or internally. Before the War, 
the only established practices involved the use of 
solid sources containing radium or radon, a technique 
suggested so long ago as 1903 by Alexander Graham 
Bell. The availability of artificially active isotopes 
has greatly extended the range of practice. For 
external irradiation there are now beams from 
telecurie cobalt-60 and czsium-137 sources. Materials 
for internal solid sources and applicators now include 
strontium-90, tantalum-182 and gold-198. Radio- 
active gold may be used also in colloidal form, in 
which it remains localized in the body cavities or 
tumours. Materials for transport to the tumour site 
in solution include iodine-131, which is localized in 
the thyroid and used for therapy of thyroid tumours, 
and phosphorus-32, which is now widely used in the 
treatment of polycythemia vera. The use of arti- 
ficial radioactive isotopes in therapy is @ field in which 
rapid advances are being made; constant watch- 
fulness will be necessary to ensure that we do not, 
over the next few decades, find ourselves presented 
with a correspondingly rapid advance in observations 
of radiation carcinogenesis; the clinician and the 
health physicist must form an indivisible team. 

The fourth paper in the symposium was also on an 
aspect of radiation protection: Dr. T. C. Carter, of 
the Medical Research Council’s Radiobiological 
Research Unit at Harwell, spoke about the genetic 
hazards of radiations under the title “Ionizing 
Radiations and the Socially Handicapped”. There 
are two approaches to the problem of genetic damage 
to man: the synthetic and the analytical. In the 
synthetic approach an attempt is made to estimate 
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(a) the number of gene loci in a human haploid set, 
(6) the rate of induction of mutation per gene per 
réntgen exposure, and (c) the average number of 
mutant genes lost per ‘genetic death’. For a popula- 
tion in genetic equilibrium, the rate of acquisition of 
mutant genes, by spontaneous or induced mutation, 
must be equal to the rate of elimination by genetic 
death. Hence the number of genetic deaths induced 
by @ given radiation exposure can be calculated if 
(a), (b) and (c) are known. The difficulties of estimat- 
ing (a), (6) and (c) for man are, however, so great that 
some alternative approach is desirable. 

The analytical approach has four steps. It starts 
with an estimate of the number of handicapped indi- 
viduals in a human population. In Great Britain, for 
example, there are about 250,000 diabetics, 210,000 
congenitally malformed, 170,000 mentally ill, 106,000 
blind and 22,000 deaf-mutes. All these conditions, 
among many others, are known to have some genetic 
element in their ztiology, and the second step is to 
estimate its magnitude; thus about half the blind 
(53,000) owe their affliction to genetic constitution, 
and about two-thirds of the deaf-mutes (15,000). 
The third step is to assess the extent to which these 
genetically afflicted owe their genetic constitution to 
mutation induced, in the past, by naturally occurring 
radiations; this is equivalent to assessing the 
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natural radiation dose received per generation by 
man—about 3 r. in Great Britain—and the dose 
(‘doubling dose’) required to induce mutation equal to 
the spontaneous mutation. There are several lines 
of evidence that the latter may be about 30 r., in 
which case about one-tenth of human mutation igs 
due to natural radiations. The fourth step is to 
assess the extent by which modern practices have 
increased radiation exposure. For Great Britain a 
lower limit only is known ; the total is at least 0-7 r., 
almost all of which is due to diagnostic radiology. 
Reports from Sweden and the United States have 
given estimates of about 3 r. and 4-6 r. respectively. 
If the Swedish figure is applicable to Great Britain, 
the additional exposure is about equal to the exposure 
from natural radiations, and the human mutation- 
rate in Britain will have been raised in the past sixty 
years by about 10 per cent. In that event the 
genetic component of the handicapped group of our 
population will eventually, if exposure continues at 
the present rate, rise by about 10 per cent also; 
this would imply an additional 5,300 blind, 1,500 
deaf-mutes, etc. These estimates are necessarily 
rough; their justification lies in the fact that in 
deriving them some of the gaps in present-day 
knowledge are exposed; they show some of the 
places where additional research is needed. 


PROBABLE EVOLUTIONARY RELATIONSHIP OF SEROTONIN 
AND INDOLEACETIC ACID, AND SOME PRACTICAL 
CONSEQUENCES THEREFROM 


By Dr. D. W. WOOLLEY* 


Rockefeller Institute for Medical Research, New York, New York 


LTHOUGH the natural growth hormone of 
A plants (auxin) has long been known to be 
3-indoleacetic acid, the hormone of similar chemical 
structure in the animal world has just recently come 
to light. The first purpose of this communication is 
to point out that serotonin (5-hydroxytryptamine or 
5-hydroxy-3-indoleethylamine) is possibly the coun- 
terpart in animals of auxin in plants. 

The structural resemblance of serotonin to auxin 
is clearly evident (Fig. 1). The fact that one is an 
acid whereas the other is the corresponding base 
which has been hydroxylated may suggest that in 
the course of evolution the usefulness for specific 
purposes of the indolic structure has long been 
recognized by Nature. In plants, in which the cell 
sap is usually acidic, the acid (that is, 
auxin) has been evolved, whereas in animals, 
in which the juices are usually somewhat 
alkaline, the corresponding base has proved 
to be more useful. In both situations the 


One wonders why auxin and serotonin differ also 
by a hydroxyl group. As a matter of fact, in several 
of the lower vertebrates serotonin does not seem to 
occur. Erspamer and Vialli have shown' that, 
instead, the unhydroxylated compound, namely, 
tryptamine (3-indoleethylamine), is present. Why 
then have most higher vertebrates added the hydroxy] 
group to form serotonin instead of just using 
tryptamine ? 

Perhaps part of the reason is to be found in the 
compartmentalization of the bodies of higher animals 
with respect to serotonin®?. It has been shown® that 
when serotonin is given peripherally to a mammal, it 
does not pass in measurable amount into the brain. 
What the brain needs of this hormone it makes for 
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hormone would exist predominantly un- Serotonin 3-Indoleacetic acid 
ionized. This may be of great importance in 
the physiological functioning of these com- Pitas CH,—CH,- 


pounds. If indoleacetic acid were the form ci! 
Aor 
2,4-Dichloro- 
phenoxyethylamine 


used by animals, it would exist almost ex- 
clusively as the ion at the pH of most cells. 


* With the technical assistance of Sara Kauffman and 
Elnora Van Winkle. 
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itself, and what the periphery needs it makes for 
itself. The behaviour of an animal, and presumably 
therefore its mental state, is influenced by changes 
in the serotonin-content of the brain®-*. Because this 
hormone is being formed at a variable rate in the 
periphery, as, for example, it is increased when blood 
platelets are ruptured, the animal’s behaviour as 
controlled by the brain would be constantly at the 
mercy of these fluctuations in peripheral serotonin if 
there were free passage of it from periphery to brain. 
It is possible that the insertion of a hydroxyl group 
into the molecule is a device which has been evolved 
for retarding the passage of serotonin from blood to 
brain. It is well known that various phenols enter 
and act upon the central nervous system less readily 
than do the corresponding compounds which either 
are not hydroxylated, or which have the phenolic 
group protected by conversion into a methyl] ether. 
It would therefore represent an evolutionary gain to 
an animal thus to be able to protect its brain (and 
its behaviour) against the fluctuations in peripheral 
serotonin. Be this as it may, the fact is that in most 
higher animals which have been investigated, sero- 
tonin, and not tryptamine, occurs, although injected 
tryptamine exhibits many serotonin-like properties. 
In some of the lower forms one finds either both 
compounds, or, occasionally, just tryptamine. The 
reasons why this should be so can only be guessed. 
If serotonin is the counterpart in the animal world 
of 3-indoleacetic acid in the plant world, then we 
might possibly expect to find some similarity in the 
basic biochemical roles of these two substances. We 
need not necessarily require that this be found if we 
follow Darwin’s original dictum that in the process 
of natural selection old equipment is frequently put 
to new uses. Nevertheless, if a common role for 
serotonin in animals and auxin in plants were to be 
found, it would lend support to the thesis of this 
communication. Actually, although the biochemical 
roles of neither substance are understood, enough is 
known to suggest that perhaps they do have much 
In common. 
_ Indoleacetic acid causes plant cells to grow, that 
is, to elongate, because it increases the uptake of 
water. Many recent studies have suggested that the 
hormone changes the permeability of the plant cell 
wall, and that the uptake of water is to be ascribed 
to this action (see, for example, ref. 7). Several 
studies also suggest a relationship of this effect to 
the passage of magnesium ions and possibly other 
metallic ions. 
_ Less is known about the action of serotonin because 
it was discovered so recently; but yet there are 
studies which suggest that it may have much to do 
with permeability. In this light the experiments of 
Pickles and Sutcliffe* are of interest. They found 


. that serotonin (or indoleacetic acid) changed the 


permeability of the cells in slices of beetroot so that 
the red pigment was released into the surrounding 
medium. By contrast, there was retention of sodium 
tons. There is as yet no evidence that serotonin 
occurs in beets, but it has been detected in at least 
one plant, namely, cowhage*. Among the fungi?® and 
in the cohoba bean", N,N-dimethylserotonin, or 
bufotenin, has been proved to exist by actual 
isolation. 

When one turns one’s attention to the functions 
of serotonin in animals, one sees first that the out- 
standing property of this hormone is to cause smooth 
muscles to contract. Does this action depend upon 
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changes of cell permeability ? Although practically 
nothing is known about the biochemical reasons why 
serotonin, or for that matter, why adrenalin or 
acetylcholine, makes muscles contract, the ideas and 
experiments of Csapo'* on the actions of some of 
these hormones on muscles warrant attention. Csapo 
points out that hormones such as adrenalin or acetyl- 
choline do not cause isolated filaments of actomyosin 
to contract. The only substances which contract 
these fibres are calcium or magnesium ions in the 
presence of adenosine triphosphate. Perhaps, then, 
the action of hormones such as acetylcholine is to 
make the membrane of the muscle cell wall permeable 
to these ions. One could think about serotonin in a — 
similar fashion, as opening a special valve (not the 
same as the valve opened by acetylcholine) which 
admits such ions to the muscle cell. This is, of 
course, merely a working hypothesis. Nevertheless, 
data exist which show that serotonin given to 
whole animals does cause the retention of metallic 
ions such as sodium ions’, although the site of this 
action and its mechanism are not understood. Such 
findings prompt one to study the effects of serotonin 
on permeability of animal cells. 

If we pursue for a moment the idea that serotonin 
is to the animal some of the things which indoleacetic 
acid is to the plant, then some consequences of 
practical importance soon appear. The striking lack 
of specificity of chemical structure needed for 
plant-growth activity is well known. Indoleacetic 
acid, which is expensive to make, can be replaced by 
such cheap compounds as 2,4-dichlorophenoxyacetic 
acid and by many others. Although 2,4-dichloro- 
phenoxyacetic acid acts like indoleacetic acid in some 
test systems, in others it acts antagonistically to the 
hormone. Concentration is also an important variable 
in deciding its effects on a given plant tissue, and 
certainly it does not mimic in all respects the actions 
of the natural hormone. Nevertheless, the use of 
2,4-dichlorophenoxyacetic acid and similar com- 
pounds as herbicides is intimately linked to the 
ability of these relatively cheap chemicals to react 
with the plant cell receptors which normally appear 
to unite with indoleacetic acid. 

If our concept is correct, we would expect the 
amines corresponding to 2,4-dichlorophenoxyacetic 
acid and its relatives to be able to do in animal tissues 
some of the things which serotonin normally does. 
We would expect these amines to act like serotonin 
on some tissues and perhaps to act as specific 
antagonists of serotonin on others. We would expect 
qualitative differences between serotonin and these 
phenoxy compounds on those tissues for which the 
analogues mimic the hormone. Finally, the relation- 
ship of structure to activity among the phenoxy 
compounds might parallel in animal tissues what is 
known from studies with plants. We might thus 
anticipate that 2,4-dichlorophenoxyethylamine would 
be more active on animal tissues than a para-sub- 
stituted congener. In the plant world, 2,4-dichloro- 
phenoxyacetic acid usually proves to be more active 
than a congener such as p-chlorophenoxyacetic acid. 
These expectations have all been realized. Their 
practical significance is akin to the practical reasons 
for the use of 2,4-dichlorophenoxyacetic acid. Sero- 
tonin and its antimetabolites have come into prom- 
inence recently as potential drugs for the treatment 
of several diseases of man*:*:14. It may be that some 
of these readily available and cheap compounds which 
have now been shown to act as antiserotonins, or like 
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Table 1. AocTiviry OF VARIOUS PHENOXYETHYLAMINES AS PrRo- 

AND ANTI-SEROTONIN 
Phenoxyethylamine Serotonin-like | Antiserotonin 
hydrochloride potency* potencyt 
2,4-Dichloro- 1 150 
2,4,6-Trichloro- | 10 100 
4-Methoxy- 0-1 1,500 
2,6-Dimethoxy- 0-5 90 
3,4,5-Trimethoxy- 1 200 
! 








* Measured on clam heart and expressed as a percentage of the 
activity of serotonin creatinine sulphate. 


+ Measured on rat uterus and expressed as the quantity of compound 
po to overcome the action of a unit weight of serotonin creatinine 
sulphate. The smaller the inhibition index, the more potent is the 
compound as an. antiserotonin. 


serotonin, will find use in medicine, and may even be 
made superior to existing antiserotonins. 

The series of compounds used in this study was 
made in either one of two ways. In the first, a suit- 
able phenol was condensed with chloroacetamide, 
and the resulting phenoxyacetamide was reduced 
with lithium aluminium hydride to the amine. In 
the second method, which was more suitable for 
large-scale operations, the phenol was condensed with 
ethylene bromide, and the resulting phenoxyethyl- 
bromide was aminated with alcoholic ammonia. Since 
all these methods are well enough known to be 
standard procedures in organic chemistry, they need 
not be described here in detail. Suffice it to say that 
the use of sodium ethoxide in absolute ethanol for 
the reaction of the phenols with the chloroacetamide 
or ethylenebromide was necessary in most cases. The 
hydrochlorides of the final amines were crystallized 
from alcohol by the addition of ether. 

To test for serotonin-like activity the heart of the 
clam Venus mercenaria was used as described by 
Welsh'®. Quantitative comparison of each compound 
with serotonin was made on a number of individual 
hearts and results were averaged. These results are 
summarized in Table 1. The serotonin-like activity 
of these phenoxyethylamines was qualitatively 
different from that of the hormone itself. The 
response to serotonin (that is, the increased amplitude 
of beat of the heart) developed very soon after 
application of the hormone. With the phenoxy 
compounds the response was slower, and it was 
usually necessary to wait for about fifteen minutes 
before the maximal effect was seen. It then proved 
rather difficult to wash the heart free of these com- 
pounds. The 3,4,5-trimethoxy compound was 
especially difficult to wash out. The 2,4-dichloro- 
phenoxyethylamine was interesting in that, although 
with most hearts it had about 1 per cent of the 
potency of serotonin on a weight basis, some hearts 
were found for which it was much more active. Thus 
in one it showed 30 per cent of the activity of sero- 
tonin, and in another 10 per cent. These values 
compare surprisingly well with the relative potencies 
of 2,4-dichlorophenoxyacetic acid and indoleacetic 
acid in some plants. 

The clam heart method was selected for the tests of 
serotonin-like action because recent experience has 
shown that such invertebrate tissues frequently will 
reveal serotonin-like activity in several structural 
relatives of the hormone, whereas mammalian tissues 
such as isolated rat uterus or sheep carotid arteries 
show such compounds to be only antimetabolites with 
no serotonin-like effects* 151°, Presumably the 
receptors for serotonin differ in the degree of 
specificity required to actuate them (cf. ref. 16). 
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One may ask whether the effect of the phenoxy- 
ethylamines was really serotonin-like or whether any 
arylalkylamine would show such activity. To answer 
this question, noradrenalin was tested. It was found 
not to produce a serotonin-like action in concen- 
trations similar to those found effective with the 
phenoxy compounds. 

The tests with isolated rat uteri were performed as 
described earlier from this laboratory’. The results 
are summarized in Table 1. On this tissue none of 
the compounds showed serotonin-like activity, but 
instead all proved to be antiserotonins. Their action 
in this latter respect was quite specific, as shown by 
the fact that they did not antagonize the action of 
acetylcholine on this organ. Just as in the tests with 
the clam heart, several of the analogues, especially 
the 3,4,5-trimethoxy one, exhibited a prolonged 
action on the uterus in that even after many washes 
the tissue did not respond to serotonin. Its responsive- 
ness to acetylcholine, however, was not impaired. 
The antagonism between serotonin and one of 
the analogues, namely, 2,6-dimethoxyphenoxyethy]- 
amine, was studied over a range of concentrations of 
the hormone in order to find whether or not it was 
competitive. It was found to be so. 

These compounds were tested for ability to act as 
antimetabolites of serotonin in living animals, because 
it is well known that many antagonists which are 
effective on isolated tissues fail in the living animal. 
Prevention of diarrhoea in mice injected with 
5-hydroxytryptophan was the test!®. The 2,4-di- 
chlorophenoxyethylamine at 2 mgm. per mouse was 
inactive in this test. The 2,6-dimethoxy compound 
was active in prevention of the diarrhcea, but the 
most potent substance was the 3,4,5-trimethoxy 
derivative. Perhaps the irreversible nature of its 
antiserotonin action as described above contributed 
to its effectiveness (cf. ref. 14). 

One prediction that was made from the experiences 
in plants with congeners of 2,4-dichlorophenoxyacetic 
acid was not borne out in the tests on animal tissues 
with the present phenoxyethylamines. Foster et al." 
have stated that, when a phenoxyacetic acid is sub- 
stituted in both the 2 and 6 positions, it shows in 
plants no hormonal activity ; instead, only anti- 
indoleacetic acid activity is found. One might expect 
this situation also to apply to the animal tissues 
treated with these phenoxyethylamines. This did not 
prove to be so. Substitution in both positions 2 and 
6 did seem to enhance potency as an antiserotonin 
when tested on the rat uterus, but it also increased 
(or at least did not abolish) serotonin-like activity for 
the clam heart. However, it is not so surprising to 
see this one difference as it is to witness how many 
of the results with plants are borne out by the 
findings in animal tissues. ‘ 

The lack of specificity of structure required for 
plant-growth hormone activity is certainly one of 
the striking features which one must bear in mind 
when thought is given to the concept of extreme 
specificity of biological reactions. Such concepts of 
specificity have enjoyed a golden age of acceptance, 
especially when the results with the water-soluble 
vitamins seemed to bear them out so well. The 
mental picture based on these concepts 18_ being 
challenged or modified more and more in the light of 
such phenomena as the lack of specificity of indole- 
acetic acid and of the cestrogenic hormones. We 
must now add serotonin to the list, because a number 
of compounds now exist which have been shown to 
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actions like it if the test objects are properly 
chosen. Not so much because a similar molecule 
such as tryptamine has the activity, but because 
something far removed such ag 2,4-dichlorophenoxy- 
ethylamine does, the problem about specificity seems 


urgent. 
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OBITUARIES 


Prof. Carl Stormer, For.Mem.R.S. 


WE regret to announce the death, on August 13, 
of Fredrik Carl Miilertz Stérmer, renowned for his 
observational and theoretical studies of the aurora 
borealis. He was born on September 3, 1874, at 
Skien, Norway. He attended the University of Oslo 
(then Kristiania) during 1892-98. Later he studied at 
Paris, 1898-1900, and also, as a Privatdocent on leave 
from Oslo, at Géttingen in 1902. In 1903, at the early 
age of twenty-nine, he became the professor of pure 
mathematics at Oslo; this post he filled for the 
remainder of his official career. Between 1895 and 
1903 he had published numerous mathematical 
papers, on series, the theory of numbers, and the 
theory of functions. 

But in the year of his professorial appointment, his 
colleague, Prof. K. Birkeland, showed him a series of 
beautiful experiments on the movements of cathode 
rays in magnetic fields, particularly in the field of 
& magnetized sphere or magnetic dipole. This event 
permanently diverted Stérmer’s thoughts and re- 
search interest from pure mathematics to auroral 
theory. He knew that Poincaré had integrated the 
equations of motion of a charged particle in the field of 
a magnetic pole. This, and the experiments by Birke- 
land, impelled him to study mathematically the 
stag of a charged particle in the field of a magnetic 

ipole. 

In 1904 he published the first of a series of papers 
on such trajectories. He found first integrals of the 
equations of motion, from which he was able to draw 
valuable and illuminating inferences. The complete 
solutions required numerical integration. Over 
many years he made or organized such calculations, 
and found a great variety of paths; his papers on 
this subject were continued until 1950, and constitute 
a major part of his life’s work. 

A second major part of Stérmer’s contribution to 
Science began in 1909. He wished to compare his 
results with observation. For personal reasons he 
had mastered the photographic art, and he decided 
to apply his knowledge to auroral observation. His 
object was to determine the form and the position of 
auroras in space—namely, their height and their 
location in plan. This required simultaneous photo- 
graphy from two or more well-separated sites, con- 
nected by telephone. The Norwegian postal authori- 


ties gave him special facilities for telephonic communi- 
cation, and he gained the aid of distant assistants. 
Thus he placed our knowledge of the situation of 
auroras on a firm foundation. Most of our present 
knowledge of this subject is due to him, though his 
example stimulated his Norwegian colleagues Vegard, 
Krogness and Harang to add further valuable con- 
tributions. In 1913 Stérmer made an expedition 
to Bossekop in northern Norway for such work near 
the auroral zone. Later, until almost the end of his 
life, he made similar studies in southern Norway. 

His observational and theoretical results are part 
of the permanent structure of auroral science, though 
an adequate theory of the aurora is still lacking. 
Stérmer’s theoretical studies, being mainly con- 
cerned with the motion of a single particle, ignored 
the essential interactions between the positive and 
negative charges that must together be involved in 
the production of auroras. Happily his theoretical 
studies found an important and unexpected field of 
application—to cosmic rays. His speculations on 
radio echoes of long delay, which he associated with a 
supposed ring current beyond the Moon’s orbit, 
cannot be regarded as established. 

He was quick to recognize new auroral features 
revealed by his photographic syntheses. The most 
outstanding of these was the remarkable special 
character of sunlit auroras. He made valuable 
contributions to auroral spectroscopy, in which field 
his colleague Vegard was long the chief pioneer. 
He gave credence to reports of auroral sounds heard 
by some of his most reliable colleagues. He himself 
was a born observer, a true naturalist of wide interests. 
These included botany, the zodiacal light, mother-of- 
pearl clouds, and meteor trails ; to all these subjects 
he made substantial contributions. 

His multitudinous papers were written in Norwe- 
gian, Swedish, French, German and English, and 
were published in many journals and countries. He 
also wrote a popular work, the content of which 
ranged from astronomy and astrophysics to atomie 
physics: it appeared with much success in six 

es. 

In 1912, after Hale’s discoveries of soler magnetism, 
Stérmer visited Pasadena as a research associate of 
the Carnegie Institution of Washington. This led 
him to write on solar vortices and the structure of 
the solar corona. He gave many distinguished 
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lectures on the aurora in foreign countries, for 
example, at the opening of the Rice Institute, 
Houston, Texas, in 1918; at the Toronto meeting 
of the British Association in 1924; and at various 
British universities in 1930 and 1947. After his 
Halley Lecture at Oxford in 1947, the honorary 
degree of D.Sc. was conferred on him ; he received a 
like honour from the Sorbonne. His last long journey 
was to the auroral conference at London, Ontario, in 
1951. In that year he was elected a foreign member 
of the Royal Society. 

In 1955 Stérmer published “‘The Polar Aurora’’, 
largely devoted to a valuable connected account of 
his own observations and theoretical studies on the 
subject. It is dedicated thus: “To my wife Ada, 
who never ceased to encourage me to work hard till 
this book was safely finished’. His happy marriage, 
during more than half a century, was blessed by many 
children, grandchildren and great-grandchildren. 

SypNEY CHAPMAN 


Mr. M. F. W. Holland 


THE announcement of the death of Michael Holland 
in north-west Greenland comes as a shock to many 
of the younger group now active in the lively border- 
land between geology, physical geography and glacio- 
logy. Brought up in the Pennine hill country near 
Macclesfield, Holland entered for a time at Birming- 
ham and later at Oxford, where he became a most 
active member of St. Peter’s Hall. A graduate in 
geography, he was, like many of the post-war genera- 
tion, strongly attracted to the physical side, and 
under the direction of Dr. K. 8S. Sandford proceeded 
to research and to present his thesis on the geology of 
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north-eastern Spitsbergen, based on the results gained 
in three summer seasons. In 1956, he organized and 
led a party to the Sukkertoppen ice cap in west 
Greenland, some of the results of which are in course 
of publication. As a consequence of his work there, 
he was invited to join the International Geophysical 
Year expedition from Denmark, carrying out glacio- 
logical studies on the ice cap of Inglefield Land, 
under the leadership of Dr. Borge Fristrup. His last 
letters describe with much verve the active programme 
of survey and pit studies on which he and a younger 
Dane, Carsten Velsboe, were engaged at the time of 
their death, about July 18. On this day the weather 
maps show an unusually deep depression developing 
over the region, no doubt accompanied by an excep- 
tional blizzard on the ice cap. It appears likely that 
in this region the local winds became abnormally 
strong. é 
Holland was an extremely fine mountaineer and 
rock-climber, of wide experience ; a natural leader, 
he had original qualities of mind, perception and 
elegance. Like Watkins, his energy, organizing 
ability and unusual capacity as a field-investigator 
would undoubtedly have brought him to the forefront 
as an exploratory scientist. His death in the service 
of international science is indeed a loss, the more so 
as the conduct of expeditions in the field now demands 
high standards of technique and scientific accom- 
plishment as well as exploratory hardihood. At the 
time of his death Holland had several papers in 
active preparation, and his friends hope to be able to 
assemble some of his material for publication. As a 
university teacher his attractive personality and his 
work as Tutorial Fellow in Bedford College were 
greatly appreciated. GorpoN MANLEY 


NEWS and VIEWS 


Soil Microbiology at Rothamsted : 
Dr. H. G. Thornton, F.R.S. 


Dr. H. G. THornToN, head of the Soil Microbiology 
Department, Rothamsted Experimental Station, is 
retiring on September 30. He was educated at 
Radley and New College, Oxford, and was appointed 
to the Rothamsted staff in 1919, becoming head of 
the Bacteriology Department in 1921; he has held 
his present post since the amalgamation of the 
Departments of Bacteriology and General Micro- 
biology in 1941. Dr. Thornton has made many 
notable contributions in soil microbiology, a field 
which during this period has come to recognition as 
a distinct subject, and which owes much to his own 
researches and to his influence upon the large number 
of microbiologists who have worked at Rothamsted 
under his direction. Among the earlier investigations 
in soil microbiology were those on counting tech- 
niques, for which Dr. Thornton developed special 
media and methods and in which he pioneered, in 
collaboration with R. A. Fisher, the application of 
modern statistical methods to the elucidation of 
results. The study of the symbiosis of nodule bacteria 
and legumes was Dr. Thornton’s special interest and 
has been notably advanced by his work on nodule 
anatomy and cytology, the concept of strain effective- 
ness in nitrogen fixation, and on various aspects of 
nodule origin and development. The results were 
applied to practical problems of seed inoculation, 


particularly of lucerne, and prior to 1929 cultures 
were issued to the farmers direct from his department. 
Other fields in which Dr. Thornton has worked have 
been the serology of nodule bacteria and the ecology 
of soil micro-organisms. He was also concerned in 
the original work on the selective toxicity and 
microbial degradation of the phenoxyacetic acids and 
their derivatives which led to the development of 
the hormone weed-killers. Dr. Thornton was elected 
to the Royal Society in 1941 and became foreign 
secretary of the Society in 1955; he is an active 
member of a number of scientific societies and 
national and international committees concerned 


with microbiology. 
Dr. P. S. Nutman 


Dr. P. 8S. NutmMan has been appointed head of the 
Soil Microbiology Department, Rothamsted Experi- 
mental Station, in succession to Dr. H. G. Thornton ; 
he will take up his duties on October 1. Dr. Nutman 
took his degree in botany at the Imperial College of 
Science and Technology, London, in 1937, afterwards 
carrying out research under Prof. F. G. Gregory on 
the vernalization of cereals. He went to Rothamsted 
in 1939, and during the War took a leading part in 
the discovery and early study of the selectively 
phytotoxic action of 2.4.D (2: 4-dichlorophen- 
oxyacetic acid), which resulted in the practical 
use of this important group. of selective weed- 
killers. In 1953 Nutman was seconded for three 
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years to the Division of Plant Industry, Common- 
wealth Scientific and Industrial Research Organiza- 
tion, in Canberra, where he set up the new research 
section on soil microbiology and initiated a number 
of important lines of work. Nutman’s researches at 
Rothamsted and at Canberra have concerned the 
formation and functioning of nodules on legum- 
inous plants. He has shown that the number of 
nodules and their effectiveness in fixing nitrogen are 
controlled not only by the bacterial strain but also 
by genetically controlled factors in the host plant, 
different genes functioning at different and specific 
stages in the course of nodule development. He has 
also shown that nodule and lateral root initiation are 
correlated, and that their origin and growth are 
affected by inhibitors found in the apices of nodules 
and lateral roots, and by substances secreted by the 
roots. 


Annals of Physics 

One of the most recent additions to the now rather 
long list of new physics periodicals is the monthly 
journal, Annals of Physics (New York: Academic 
Press, Inc.), which commenced publication in April 
and of which the three numbers constituting Vol. 1 
(8 dollars; single issues, 3 dollars each) are now 
available. Vol. 2 will cover the period July-December 
1957. Each number contains some five to six original 
contributions of high standard and on widely different 
aspects of physics, but almost all so far of a theoretical 
or mathematical nature. It is the stated intention of 
the editors, P. M. Morse, B. T. Feld, H. Feshbach and 
R. Wilson, that the Annals shall provide a medium 
for original work of broad significance, in which the 
author will be able to give attention to clarity and 
intelligibility, so that his paper may be read by the 
widest possible group of readers. It is because they 
believe that opportunities for presentations of this 
kind are somewhat limited to-day that the new 
periodical has been started. It is difficult, however, 
to distinguish how the various articles in Vol. 1 
differ from those to be found in other conventional 
physics journals, except perhaps that they are 
occasionally somewhat longer and some may be 
classed as of semi-review character. The introduction 
of some papers on purely experimental or technical 
aspects would help to make the Annals more attrac- 
tive to the general physicist. The format and 
presentation are excellent. All the contributors to 
Vol. 1 are members of laboratories in either the 
United States of America or Canada. 


Proceedings of the Physical Society 


StNcE the beginning of 1949 the Proceedings of the 
Physical Society have been published in two sections, 
Parts A and B, and these have been available for 
purchase separately. From time to time the Advisory 
Committee has altered the distribution of subjects 
as between A and B—at one time A was mainly 
devoted to theoretical and B to experimental work. 
However, recently, it has become evident that the 
maintenance of the distinctive characteristics of the 
two separate sections was becoming progressively 
more difficult and that it was inevitable that those 
Who received only one section could not have even 
Specialist interests covered satisfactorily. The Council 
of the Physical Society has therefore decided to 
recombine the two sections of the Proceedings as 
from January 1958. It is emphasized that the single 


issue will contain all the papers that the two separate 
sections would have contained, and the total content 
will not be diminished. For convenience of reference 
and binding, the Proceedings will be indexed every 
six months. The cost to Fellows of the Society for 
the whole Proceedings will be two guineas (£2 Lls. 
previously) and to non-members twelve guineas (nine 
guineas formerly). 


Training Overseas Engineers in Britain 


More than 150 engineering firms in Great Britain 
are taking part in the Federation of British Indus- 
tries Overseas Scholarship Scheme. The scheme 
provides training with British engineering firms— 
usually for two years—for selected graduate engineers 
from the Commonwealth, South and Central America 
and the Middle East, and is likely to be extended 
later to include countries in South-East Asia. Its 
objects are to assist developing countries by increasing 
their supply of trained engineers and to stimulate 
the export of British engineering equipment by the 
spread of British technical knowledge overseas. By 
March 31, 147 overseas scholars of the Federation 
from twenty different countries had come to Britain ; 
of these, sixty-five were still here at that date, and 
eighty-two had returned home after completing their 
training. Many more awards have been made since 
then, and the 18lst scholar arrived in England 
recently. Recent arrivals include the first overseas 
scholars from South Africa and from Jordan. Sir 
Edward Thompson, chairman of John Thompson, 
Ltd., Wolverhampton, has succeeded Sir Arthur 
P. M. Fleming as chairman of the Overseas Scholar- 
ships Committee of the Federation of British 
Industries. 


Courses in Higher Technology 


Tue London and Home Counties Regional Advisory 
Council for Higher Technological Education has pre- 
pared a useful bulletin describing special courses in 
advanced technology which are to be held in the 
London and home counties region during the next 
few months. These courses are not connected with 
those which prepare for examinations and are usually 
not described in technical college prospectuses. They 
are generally part-time (usually evening) courses, 
but full-time courses which are specially arranged 
and are of not longer than three months duration 
are also included. The enterprise of most of the 
colleges concerned is highly commendable. Brighton, 
for example, has arranged courses dealing with 
nuclear power stations, jig and tool design, and 
automatic screw technology; Ealing has a course 
on transistor technology ; Hammersmith has thought 
of its African and West Indian students by arranging 
a special course for them dealing with environmental 
hygiene. Analogue computers form the subject of 
a course at Hatfield and digital computers one at 
Hendon ; the latter college is to be congratulated 
for its wide range of courses in management studies. 
The whole bulletin radiates enthusiasm and enter- 
prise and should be made use of by every managing 
director and commercial executive in the London 
area. A similar bulletin describing courses which 
are to be arranged in the spring and summer of 
1958 will be ready in December. Each bulletin costs 
3s. and may be obtained from the Secretary, Regional 
Advisory Council, Tavistock House South, Tavistock 
Square, London, W.C.1. 
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Coryndon Memorial Museum, Nairobi 
THe annual report of the Coryndon 
Museum for 1956 (Pp. 28. 1s. Nairobi: Coryndon 
Memorial Museum) reports the welcome fact that 
during the year, and especially toward the end of it, 
the lifting of restrictions on travel from many parts 
of the reserves to Nairobi made it possible for many 
more schoolchildren and others to visit the Museum. 
In fact the total number of visitors for the year was 
144,076 compared with 109,011 in 1955 and only 
87,662 in 1954. A great deal of work has been 
accomplished in placing further exhibits on view and 
improving some of the older habitat groups. Special 
exhibits, such as one dealing with the life-cycle of 
the several species of snails which transmit bilharzia, 
have proved attractive to visitors. Quarters for the 
African staff of the Museum on a site provided by 
the City Council have been erected at Makadara. 


Memorial 


Preserving Rural England 


Tue debt owed by the people of England to the 
Council for the Preservation of Rural England and its 
branches is unknown to most and immeasurable by 
all. For thirty-two years those who represent the 
Council have worked incessantly to see not only that 
encroachments on the countryside should be done 
with the least harm to beaui and amenity but also 
that the standards of all pe 'e should be built up 
to protect and appreciate their heritage. Its success 
is well known but its task will never be finished. 
This is well shown in the annual reports of the Central 
Council and of the Sheffield and Peak District Branch. 
The Central Council has kept a critical eye on the 
Service Departments’ use of land, on the control of 
advertisements, electricity undertakings, atomic 
energy establishments, deviations to existing roads 
and footpaths, the disturbing growth of petrol filling 
stations and many other matters, and the Council’s 
vigilance has resulted in the preservation of amenities 
the proposed removal of which was often unknown to 
the general public. The work of the Sheffield Branch 
has helped to prevent a steel rolling mill being estab- 
lished in an attractive hamlet and other disturbances 
to its lovely green belt. Information may be obtained 
from the Council for the Preservation of Rural 
England, 4 Hobart Place, London, S8.W.1. 


Excavations at Chupicuaro, Guanajuato, Mexico 


Tux results of the excavation of a large cemetery 
in an area on the Lerma River, which belongs 
archxologically to the west, although it has links 
with the Valley of Mexico, are reported by Muriel 
Porter (Trans. Amer. Phil. Soc., Philad., 46, 515: 
1956). Fine polychrome pottery and peculiar figurines 
from this area have long been known in museum 
collections, and the report places them in their 
context. It is established that the site was occupied 
continuously through the latter part of the Formative 
and the beginning of the Classic Periods, from about 
500 B.c. to a.p. 400. This is a useful study, which 
adds materially to our knowledge of an archzo- 
logically important but little-known part of Mexico. 


Forest Policy in Kenya 

A REcENT White Paper entitled “‘A Forest Policy 
for Keaya’’ (White Paper No. 85 of 1957. Pp. 9. 
Nairobi: Government Printer, 1957) issued by the 
Colony and Protectorate of Kenya begins with a 
description of the objects of forest policy, although 
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there has been a forest department in existence in 
the Colony for more than half a century. The White 
Paper states that the forest estate of Kenya ranks 
high as one of the country’s most important national 
assets in its protective aspects of conservation of 
climate, water and soil, as a source of supply of 
forest-produce for all uses by the inhabitants and 
as a revenue earner of high potential. The methods 
of attaining the objects of the forest policy are ex. 
plained at length in a recapitulation of what in recent 
times has often been stated in forestry reports, both 
in the Dominions and Colonies. It is a welcome 
reminder that the forests were regarded during the 
greater part of this century as a mere source of 
revenue and when this revenue failed in any year 
recruitment stopped. The total area of Government- 
reserved forest in Kenya amounts to 2-91 per cent 
of the land area of the territory. The Government, 
quite correctly, regards this as a dangerously low 
proportion, and its policy is to increase it. The first 
step to achieve success will be to recruit a numeric. 
ally strong and highly trained staff. 


Australites 

AUSTRALITES are small pieces of natural glass 
found scattered over the southern and western half 
of Australia. They represent an intriguing problem 
because their origin has never satisfactorily been 
explained. Although related in chemical composition, 
physical form, glassy physical state and mode of 
occurrence to natural glasses found in other parts of 
the world, it is almost certain that australites are 
extra-terrestrial in origin; they differ from natural 
glasses in having symmetrical shapes. Australites 
have almost the same chemical composition as 
granites ; they differ from stony meteorites in com- 
position in the same way that granites differ from 
‘basic’ rocks. W. A. Cassidy (Austral. Mus. Mag., 
12, No. 6) suggests that australites, possessing the 
typical characteristics of meteorites, were glassy 
bodies before they entered the Earth’s atmosphere 
and possessed one of the following rotational shapes : 
oblate spheroid, general ellipsoid, dumb-bell, tear- 
drop. They were greatly different from the crystalline, 
irregular-shaped, stony meteorites before they entered 
the Earth’s atmosphere. 


Radioactive Carbon Compounds 

A FURTHER bibliography, covering the years 1953 
and 1954, of syntheses of compounds containing 
carbon isotopes, has been compiled by J. C. Nevenzel, 
D. R. Howton, R. F. Riley and G. Steinberg of the 
University of California (Los Angeles) School of 
Medicine, and issued as an Atomic Energy Project 
report (No. U.C.L.A. 395). About 550 additional 
references to the original literature are given in the 
report, supplementing those of the ‘original report 
(U.C.L.A. 316), which covered the literature to 1952, 
together with a comprehensive formula index of all 
the compounds mentioned. The commercially avail- 
able compounds and their suppliers (according to the 
manufacturers’ catalogues) are also given. ‘The 
report, which can be obtained from the Office of 
Technical Services, Department of Commerce, Wash- 
ington 25, D.C., for one dollar, will be useful for those 
who require isotopically labelled carbon compounds. 


Dalton Lecture and Exhibition 
Tue tenth Dalton Lecture of the Royal Institute 
of Chemistry, entitled “Coal and Coal Chemicals in 
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the National Economy’’, will be delivered by Dr. J. 
Bronowski, director, Coal Research Establishment, 
National Coal Board, on October 25, at 7 p.m., in 
the Manchester Town Hall. The chairman will be 
Prof. R. G. W. Norrish, with the Lord Mayor of 
Manchester, Alderman Leslie Lever, as principal 
guest. Admission is by ticket only, obtainable from 
Dr. R. E. Fairbairn, Imperial Chemical Industries, 
Ltd. (Dyestuffs Division), Hexagon House, Blackley, 
Manchester 9. 


Tue Dalton Exhibition, entitled “Coal and Coal 
Chemicals in the National Economy’’, and organized 
by the Royal Institute of Chemistry, will be held in 
the Exhibition Hall, Central Library, Manchester, 
during October 21-26. The opening hours from 
Monday to Friday are 9 a.m.—8 p.m. and on Saturday 
9a.m.—5 p.m. Admission is free and the Exhibition 
is open to the general public. 


Smoke Abatement Society : Annual Conference 


Tue twenty-fourth annual conference of the 
National Smoke Abatement Society will be held in 
Hastings during October 2-4, under the presidency 
of Dr. R. Lessing, who will speak on “The Primary 
Sources of Air Pollution’. Speakers include Lord 
Mills (Minister of Power) and Sir Graham Sutton, 
who will deliver the eighth Des Voeux Memorial 
Lecture, on “‘Air Pollution and the Weather’’. There 
will also be discussions on air pollution from road 
vehicles and on the administration of the Clean Air 
Act. Further information can be obtained from the 
Secretary of the Society, Palace Chambers, Bridge 
Street, London, 8.W.1. 


Institute of Biology : Parasitology Group 


A ParasirotoGy Group has recently been formed, 
under the auspices of the Institute of Biology, to 
provide a forum for the discussion of broad problems 
in parasitology. A meeting on “The Nature of 
Immune Responses in Parasitism’” is to be held in 
the rooms of the Royal Entomological Society, 41 
Queen’s Gate, London, 8.W.7, at 2.30 p.m. on 
October 18. The papers will deal with immune 
responses tO micro-organisms, nematodes and arth- 
ropod-borne infections. Further information can be 
obtained from the secretary of the Parasitology 
Group, Dr. Elizabeth Canning, Parasitology Depart- 
ment, Imperial College, London, S.W.7. 


The Night Sky in October 


FULL moon occurs on October 8d. 21h. 42m. v.7. 
and new moon on October 23d. 04h. 43m. The 
following conjunctions with the Moon take place : 
October 26d. 04h., Saturn 1° S.; October 26d. 15h. 
Venus 6° S. In addition to these conjunctions with 
the Moon, Venus is in conjunction with Antares on 
October \7d. 20h., Venus being 2-1° N., Venus with 
Saturn on October 20d. 12h., Venus being 4-1° §S. 
and Mars with Spica on October 28d. 02h., Mars 
ay 2-9° N. There will be a total eclipse of the 
Sun on October 23, invisible at Greenwich. Mercury 
is visible as a morning star during the first week of 
the month, rising at 4h. 25m. on October 1 3 superior 
conjunction is reached on October 24. Venus sets at 
18h. 45m., 18h. 30m. and 18h. 20m. at the beginning 
middle and end of the month, respectively ; during 
this time its distance from the Earth decreases from 
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96 to 75 million miles, but its brightness increases . 
more slowly because the visible portion of the 
apparent disk falls from 0-695 to 0-578. It is a 
bright object low in the west after sunset. Mars and 
Jupiter are too close to the Sun for observation. 
Saturn is visible low in the west after sunset, setting 
about two hours after the Sun. Its stellar magnitude 
is + 0-8; it continues to move eastwards in 
Ophiuchus. Occultations of stars brighter than 
magnitude 6 are as follows, observations being made 
at Greenwich: October 2d. 21h. 27-2m., 8 Cap. 
(D); October 2d. 22h. 31-6m., 6 Cap. (R) ; October 
3d. 22h. 36-7m., v Aqr. (D) ; October 16d. 4h. 56-3m., 
2 Gem. (D); October 16d. 5h. 32-8m., 4 Gem. (R); 
October 18d. 3h. 36:4m., x Cne. (R); R and D refer 
to reappearance and disappearance, respectively. 
The Orionid meteors are active during October 15- 
25; conditions are favourable and the radiant is at 
R.A. 6h. 24m., Dec. + 15°-N. 


Announcements 

Pror. A. A. Mires, professor of experimental 
pathology in the University of London and director 
of the Lister Institute of Preventive Medicine, 
London, and Prof. C. H. Stuart-Harris, Sir George 
Franklin professor of medicine in the University of 
Sheffield, have been appointed members of the 
Medical Research Council. 


Dr. M. V. WitKss has been elected first president 
of the British Computer Society. Dr. Wilkes was a 
pioneer of the design and construction of automatic 
electronic digital calculating machines in Britain, 
and joint author of ‘Preparation of Programmes for 
an Electronic Digital Computer’ (1951), the first 
text-book for programmers. In addition to his most 
recent book, “‘Automatic Digital Computers”, Dr. 
Wilkes is the author of many papers on computers 
and their applications, and the computing art owes 
much to his work as director of the Cambridge 
University Mathematical Laboratory. 


A symposium on ‘The Newer Metals’, arranged 
jointly by the Royal Institute of Chemistry, the 
Chemical Society and the Society of Chemical 
Industry, will be held in the Chemistry Lecture 
Theatre, University of Manchester, on October 2, 
commencing at 2.30 p.m. The symposium, which 
will be arranged in two sessions devoted respectively 
to beryllium, and to zirconium and niobium, is open 
to all, but those intending to be present should 
notify Dr. R. E. Fairbairn, I.C.1. (Dyestuffs Division), 
Hexagon House, Blackley, Manchester 9. 


A CONFERENCE organized by Aslib, intended to 
bring together those most concerned in formulating 
policies for the technical college libraries of the future 
and representatives of industry, will be held in the 
Connaught Rooms, Great Queen Street, London, 
W.C.2, on October 30. During the morning session, 
under the chairmanship of Alderman J. W. Brown, 
Sir Edward Boyle will give the opening address, the 
Earl of Verulam will speak on ‘“‘Libraries: a Liberal 
Element in Technical Education”, and 8. T. Broad 
on “A Technical Library Service’. In the afternoon 
the chairman will be Sir Wavell Wakefield and the 
lectures are on ‘“The Technical College Library as an 
Educational Instrument” by Dr. J. Topping and 
“Co-operation with Local Industry” by P. P. Love. 
Further information can’ be obtained from Aslib, 
4 Palace Gate, London, W.8. 
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SCIENTISTS IN THE GOVERNMENT SERVICE IN BRITAIN 
SPECIAL PROMOTIONS 


URTHER special posts have been created in the 

Civil Service under provisions included in the 
White Paper on the Scientific Civil Service (Cmnd. 
6679 : 1945) to provide for the promotion of individual 
research workers of exceptional merit. They include 
the following : 


Deputy Chief Scientific Officers 


Dr. W. M. Evans. Following a short period in 
university teaching, Dr. Evans joined the Armament 
Research Establishment in 1937, and moved during 
1950-54 to the Atomic Weapons Research Establish- 
ment. He returned to the Ministry of Supply in 1955 
to take up his present post as a principal superin- 
tendent at the Armament Research and Development 
Establishment. He obtained the degree of D.Sc. in 
1953. In his early years in the Armament Research 
and Development Establishment Dr. Evans worked 
on detonation problems, making many contributions 
to the study of shaped charges, the mechanism of 
jet formation, penetration of armour and the effects 
of stress pulses. Since returning to the Establishment 
he has had charge of a Division covering all aspects 
of detonating munitions. Dr. Evans, whose work is 
distinguished by a combination of outstanding 
experimental technique and depth of physical 
insight, enjoys a high reputation both in Britain and 
abroad. 


Dr. D. W. Hotprer. Dr. Holder joined the Aero- 
dynamics Division of the National Physical Labora- 
tory in 1944. He leads a team working on problems 
of high-speed flow, and has personally made many 
important advances in aerodynamics. The work 
which he and his group have done on shock-wave 
boundary layer interaction and on boundary layers in 
transonic flow are particularly well known. Dr. 
Holder is an authority on high-speed tunnel design 
and has taken a leading part in planning the new 
facilities at the National Physical Laboratory for 
research at supersonic and hypersonic speeds. 


Mr. J. 8S. Taomrpson. Mr. Thompson joined the 
Royal Aircraft Establishment at the outbreak of war 
in 1939. Previously he had worked on steam turbines, 
making pioneer experimental studies of the* high- 
speed flow of steam in nozzles and of secondary flow 
in cascades. At the Royal Aircraft Establishment 
he has become intimately connected with the high- 
speed wind tunnel. His work has ‘combined brilliance 
in experiment with a deep insight into the theoretical 
background ; it contributed greatly to the high 
quality of the scientific output of the tunnel during 
and after the Second World War, and it established 
his reputation as an authority on experimental work 
at high subsonic speeds. He moved to Bedford in 
1947 and became responsible for designing the 8-ft. 
supersonic tunnel and the 4 ft. x 3 ft. high supersonic 
speed wind tunnel. These two tunnels together 
represent an investment of more than £10,000,000 and 
the combined power is up to 150,000 h.p. His many 
personal contributions and balanced judgment have 
been invaluable in instrumentation, test techniques 





and model production problems, and the bringing of 
the 8-ft. tunnel into successful operation represents 
an outstanding achievement. 


Senior Principal Scientific Officer 


Mr. R. B. Benson. Mr. Benson, of the Department 
of Entomology of the British Museum (Natural 
History), joined the Museum staff in 1929, and his 
career has been devoted to the study of sawflies 
(Hymenoptera-Symphyta), on which he is an inter. 
nationally recognized authority. He was recently 
awarded a Leverhulme Fellowship to study sawflies 
in Canada and the United States. 


Dr. K. D. Froome. Dr. Froome, who joined the 
National Physical Laboratory in 1949 and is now 
officer-in-charge of the interferometry section of the 
Metrology Division, is well known for his precise 
work on microwave measurements. 


Dr. R. Jones. Dr. Jones, after joining the Road 
Research Laboratory in 1939, was engaged on war- 
time problems. He has been promoted for his work 
on ultrasonic methods for the non-destructive testing 
of materials. 


Dr. K. W. Maneter. For the past ten years Dr. 
Mangler has been employed in the Aerodynamics 
Department at the Royal Aircraft Establishment, 
where he is at present working on the fluid dynamics 
problems of the hypersonic regime. 

Mr. L. Permurrer. Mr. Permutter is employed 
at the Armament Research and Development 
Establishment, where he works on the problems of the 
gun/shot combination, including internal, external 
and terminal ballistic performance. 


Dr. A. W. H. Prypr. Dr. Pryde works at the 
Explosives Research and Development Establishment 
where, among other things, he has contributed to all 
the development work on new and improved methods 
for manufacturing picrite and devised a new 
continuous process for the nitration of toluene to 
T.N.T. 

Dr. O. Stimpson. Dr. Simpson is a research physi- 
cist at the Services Electronics Research Laboratory, 
Baldock. During the past few years he has been 
investigating the electronic properties of aromatic 
hydrocarbons with particular attention to electrical 
conductivity, fluorescence, photo-effects and the 
migration of excitation energy. The results obtained 
with this new class of semiconducting compounds 
have proved most interesting and encouraging, 
and an extension of the research to intermetallic 
compounds of the Group III-Group IV variety 1s in 
view. 


Dr. D. J. Toomas. Dr. Thomas, who has been 
employed at the Chemical Defence Experimental 
Establishment since 1937, is distinguished for his 
research and development work on particulate filters 
and filtration ; lately his work has taken on additional 
importance in relation to atomic energy laboratories 
and production plants. 
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Similar promotions have been made by the United 
Kingdom Atomic Energy Authority, as follows : 


Deputy Chief Scientific Officer 


Mr. T. H. R. Skyrme. Mr. Skyrme has been leader 
of the Nuclear Physics Group of the Theoretical 
Physics Division at Harwell since 1950. Mr. Skyrme 
graduated in Cambridge in 1943 and joined the Los 
Alamos Laboratory as a member of the British 
Mission in 1944. He became a research fellow in the 
Department of Mathematical Physics, University of 
Birmingham, in 1946, after which he returned to the 
United States to spend two years at the Massachusetts 
Institute of Technology and at the Institute for 
Advanced Studies at Princeton. During the past 
seven years at Harwell he has published a number of 
important papers on quantum field theory and nuclear 
structure. 


Senior Principal Scientific Officer 


Dr. P. A. Eaetstarr. Dr. Egelstaff, who joined 
the Atomic Energy Research Establishment in 1947 
and has specialized in neutron physics, is now head 
of the Pile Neutron Research Group. 


Dr. A. R. Fraser. Dr. Fraser is a group leader in 
the Theoretical Physics Division of the Atomic 
Weapons Research Establishment, where he has done 
distinguished work in eliciting the interaction of 
radiation with hydrodynamic flows. Here the local 
absorption of energy depends upon density and 
temperature and so reacts on, and is itself conditioned 
by, the hydrodynamies of the field. 


Dr. J. H. O. Varney. Dr. Varley is a member of 
the Metallurgy Division of the Atomic Energy 
Research Establishment and has been particularly 
concerned with work on the theory of alloy formation, 
the volume thermal expansion of solids and radiation 
damage in solids. He is now in charge of work on 
corrosion phenomena and surface reactions. 


The Agricultural Research Council is also making a 
promotion to the rank of senior principal scientific 
officer : 

Dr. HELEN K. Porter. Dr. Porter, a member of 
the staff of the Research Institute of Plant Physiology 
at the Imperial College of Science and Technology, 
London, is studying the mechanisms of sucrose 
synthesis in the germinating embryo of the cereal 
plant, and of starch synthesis and degradation in the 
eaf. 


TECHNICAL SCHOOLS IN PRAGUE 


250th ANNIVERSARY 


ZECHOSLOVAKIA has an ancient tradition not 

only in arts and humanities, but in technical 
sciences as well. A technical school was founded in 
Prague 250 years ago. This school, it is claimed, was 
the first public technical school in Europe. Its 
founder and first teacher was Joseph Willenberg, a 
native of Silesia. He, like many young men at that, 
ume, had gone to France to obtain knowledge of 
military engineering through service in the army. 
When, however, Louis XIV declared war on Austria 
owing to the dispute over the Spanish Succession, 
Willenberg, not wishing to fight against his native 


NATURE 





639 


country, left France. In Austria he tutored young 
noblemen in the art of fortification and accompanied 
them in campaigns. After 1703 he settled in Prague, 
and from there he addressed a petition to the 
Emperor Leopold I, requesting permission to open a 
public school of engineering where, upon payment of 
a fee, six higher and four lower noblemen and two 
bourgeois youths would be instructed in the art of 
engineering. The request was granted by Emperor 
Joseph I, the son of Leopold, but the Bohemian 
States were unable to open the school at once as, at 
that time, the Bohemian provinces were utterly 
exhausted by taxation and conscriptions. Con- 
sequently, Willenberg undertook various engineering 
jobs, executing plans and designs for the fortification 
of Pilsen and other towns. Ultimately he applied 
direct to the Emperor Charles VI, the son of J oseph I. 
The Emperor then ordered the States speedily to do 
what they had been ordered in 1707, and the desired 
school, the Czech Professional Engineering Institute, 
was established by the States in 1717. Willenberg 
commenced regular instruction in his private apart- 
ment in the following year, with an annual attend- 
ance of twenty-four pupils. The school, then called 
Ceské stavovska in%enyrska Skola (the Czech States 
Engineering School), was converted about a hundred 
years later into a polytechnic, the principal of which 
was F. J. Gerstner, who suggested the construction 
of the first horse-drawn railway on the European 
Continent. 

In the course of the following years the school 
developed successfully, and produced a number of 
accomplished experts who made eminent contribu- 
tions to the advancement of the Czech countries, and 
whose work was widely recognized abroad. After 
many changes in its organization, in harmony with 
the development of the technical sciences and the 
growing need for qualified technologists, the Prague 
technical school reached its present form. As the 
Technical University of Prague, it represents a whole 
complex of specialized faculties where thousands of 
undergraduates receive instruction. 

Naturally, the Czechs are proud of their endeavours 
in technical education, and recently celebrated the 
250th anniversary of the foundation of technical 
schools in Prague. Invitations were sent to univer- 
sities and colleges all over the world and 135 foreign 
scientists took part in the celebrations. They came 
from twenty-three countries, including Albania, 
Austria, Bulgaria, Chile, China, Egypt, Finland, 
France, Great Britain, Germany (West and East), 
Hungary, India, Iran, Iceland, Italy, Korea, Poland, 
Rumania, Switzerland, the United States and the 
U.S.S.R. There were two representatives from 
Britain, Mr. D. S. Cardwell, vice-principal of the 
Manchester College of Science and Technology, and 
Prof. J. S. Rankin, of the Royal College of Science 
and Technology, Glasgow. 

The inaugural proceedings of the celebrations on 
May 27 were held in the Vladislav Hall of Prague 
Castle. In an ante-room rectors and professors were 
arranged in pairs in alphabetical order of country. 
The two British representatives had the honour of 
leading in the procession behind the two chancellors of 
the Universities of Prague. The vast hall is in the 
oldest existing building of Prague Castle, and is an 
outstanding memorial to Czechoslovakian medieval 
architecture. It was filled to overflowing by an 
audience who were obviously keenly interested in all 
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that took place. When the academic body was 
properly arranged on either side of the huge plat- 
form, the President of the Republic and members of 
the Government walked in and occupied an imposing 
position in the gallery of the platform. During the 
whole of the proceedings and even during the Rector’s 
dignified address, bulbs flashed and cameras clicked 
and high-powered lamps illuminated the platform 
party while films were being made. It was all very 
impressive; the organization was good, and one 
sensed an atmosphere of academic dignity. 

On the same day we were transported to the 
Auditorium Maximum of the Carolinum, a renovated 
hall of the Charles University of the fourteenth 
century. An honorary degree of doctor of technical 
science was awarded to Prof. D. Blochincev, director 
of the United Research Institute of Nuclear Physics. 
Owing to illness, a similar award could not be con- 
ferred on Dr. M. Rod, director of the Federal Research 
Institute for Testing and Research in Industry, 
Zurich. 

Another important part of the celebrations was 
the international scientific conference in the Assembly 
Hall of the Congress Palace. It lasted for three days, 
with morning and afternoon sessions. To begin with, 
each foreign delegate was called to a microphone in 
the centre of a large platform and conveyed his con- 
gratulations and felicitations to the rector and staff 
of the Technical University of Prague. At the same 
time, scrolls and appropriate presents were cere- 
moniously handed over to the chairman of the 
meeting. The hall could seat approximately 2,000 
people, yet each one could listen in to all the speeches 
in one of the official languages—-Czech, Russian, 
English, German and French. Apparently there 
were interpreters for other languages like Chinese, 
Korean and Arabic. At the conference eighty-five 
scientific papers were read, thirty-nine of which were 
by foreign scientists interested in the branches dealt 
with at the Technical University of Prague, namely, 
constructional building, architecture and_ civil 
engineering, mechanical engineering, electrotech- 
nics, sylviculture, geodesy and engineering econ- 
omics. 

Everything possible was done to make the visit of 
each foreign guest pleasant and profitable. For 
example, each day a car with chauffeur was put at 
the disposal of Mr. Cardwell and Prof. Rankin, to 
transport them to any factory or place of interest 
within a day’s journey of Prague. Both spent a 
pleasant day at Karlsbe«d, and lunched in the palatial 
Moscow Hotel, which would be difficult to surpass 
anywhere in food and furnishings. In all visits a 
young engineering lecturer, good-natured, intelligent 
and modest, acted as interpreter. One met many 
men of this type, and the material progress of their 
country should be bright if they are given the proper 
encouragement and incentives. 

The university engineering laboratories were well 
equipped, and much useful research has been done. 
The education of technologists is being pursued with 
vigour, and from the figures supplied it would appear 
that the Czechs are producing at least twice as many 
highly qualified technologists per million of population 
as Britain. The various technological courses seem 
to be somewhat longer than in a British university 
or college, and the standard attained in each subject 
is quite high. 

Bus tours were also arranged to take the delegates 
to various industrial centres, such as the Tesla Works 
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at Vrchlabi, where a large proportion of the 
workers are women who were undoubtedly highly 
proficient. 

Many social evenings were arranged. A visit to 
the opera, and two receptions at which music and 
dancing were indulged in, were much appreciated by 
all the delegates. One had the opportunity of making 
friendly personal connexions, especially with the 
rectors, professors and lecturers of the Universities 
of Prague. 

I shall always remember the kindliness and friendli- 
ness of the Czechs I met, and will watch the 
future development of their country with under- 
standing, sympathy and good wishes. 

J. 8. Rankin 


NON-SPECIFIC IMMUNITY 


URING the spring meeting of the British Society 

for Immunology, which was held during May 10 

and 11 at the Westminster Medical School, an after- 

noon was devoted to a symposium on ‘Non-specific 

Immunity”, with Prof. A. A. Miles (Lister Institute) 
in the chair. 

Prof. Miles attempted to define the rather vague 
field of non-specific immunity, and concluded that 
the term was largely, though not wholly, synonymous 
with effective defences against pathogenic parasites 
that were not mediated by the specific action of 
antibodies or presumed antibodies. In the analysis 
of non-specific immunity, it was essential, not only 
to identify various single factors—cellular or humoral 
—that might contribute to immunity, but also to 
relate them to the constitutive and adaptive defence 
mechanisms of the metazoan host as a whole. It is 
probable that the non-specific immunity in different 
anatomical sites of infection and in different cellular 
and humoral systems of the body can to some extent 
vary independently in the infected animal. 

Dr. G. Biozzi (Paris) described investigations of 
the phagocytic functions of the reticulo-endothelial 
system carried out in collaboration with B. N. 
Halpern, B. Benacerraf and C. Stiffel. The rate of 
blood clearance of carbon particles injected intra- 
venously was used for measuring the total phagocytic 
function of the reticulo-endothelial cells of the blood 
vessels, involving mainly the liver and spleen, which 
together accounted for 90 per cent of the phagocytic 
activity. During infection with Salmonelle or 
tubercle bacilli there was an increase in the phago- 
cytic activity which lasted throughout the period of 
infection. In severe infections attended by death, 
the initial hyper-reactivity was followed by a rapid 
drop when the defences were overwhelmed. The 
substance found responsible for the variations m 
phagocytic function during infection with Gram- 
negative organisms was the lipopolysaccharide endo- 
toxin. Overstimulation before the infection allowed 
the recovery of 80 per cent of rats injected with @ 
dose of Salmonella organisms 100 per cent lethal for 
controls. ¢ 

Dr. C. H. Lack (Royal National Orthopedic Hos- 
pital) described the role of non-specific factors 
affecting susceptibility to tuberculosis. Leucocytes 
could inhibit tubercle bacilli by release of lysozyme 
or by the production of lactic acid. On the contrary, 
most keto-acids and polycarboxylic acids favoured 
mycobacterial growth. Another important factor 
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was oxygen, and pathogenic strains distinguish them- 
selves by their ability for survival at low oxygen 
tensions. In the human lung most infections resulted 
in the embedding of bacilli in solid caseous foci in 
which they rapidly decreased. Rapid bacillary multi- 
plication followed softening of caseum, presumably 
due to increased availability of oxygen, and possibly 
to the release of nutrients by proteolysis. It is the 
softening of caseum that is usually responsible for 
tuberculous disease as distinct from infection. Solid 
caseation followed by softening was not found in the 
hyperimmune animal injected with bacilli in adjuvant. 
Dr. Lack has shown that human plasmin can digest 
human caseum. The increased morbidity of females 
between 15 and 35 years could possibly be related 
to enhanced plasmin activity at the pre-menstrual 
period. Abnormal plasmin activation may also be 
the mechanism of the rapid cavitation following 
severe psychical trauma. The study of the factors 
of such mechanisms was the most fruitful approach 
to the problem of human tuberculosis. 

Dr. E. Suter (University of Florida) described the 
effect of phagocytosis on the respiration of micro- 
organisms. The important contribution of the phago- 
cytic system to natural resistance can be mediated 
through either bactericidal substances (for example, 
phagocytin and leukin), or through subtle influences 
upon bacterial metabolism and on enzymatic break- 
down of bacterial components. Using organisms 
labelled with carbon-14, the fate of bacillary carbon 
can be followed in the intracellular environment. 
Tubercle bacilli maintained their respiratory-rate 
within phagocytes. Furthermore, little or no bacillary 
carbon was handled by phagocytic enzymes and 
appeared in the respiratory carbon dioxide. This 
metabolic resistance of tubercle bacilli to the phago- 
cytic environment seemed to depend upon their 
structural intactness. Thus sonic vibration of bacilli 
or the presence of non-ionic detergents altered this 
relationship to the advantage of the cell. The findings 
were quite different when organisms were phago- 
cytosed which were less resistant to intra-cellular 
environment, such as Mycobacterium phlei, Bacillus 
subtilis, Staphylococcus albus and aureus, and Strepto- 
coccus pneumoniae. Their metabolic activity was 
reduced within one or two hours to one-tenth or one- 
hundredth of their original activity, and bacillary 
carbon appeared very quickly in the respiratory 
carbon dioxide of the phagocytes. 

Dr. D. Rowley (St. Mary’s Hospital) described the 
work of J. G. Howard, A. C. Wardlaw and himself 
which derived from the observation, some years ago, 
that injection into mice of small quantities of cell 
walls of Gram-negative bacteria produced rapidly 
developing immunity to subsequent infections by 
other Gram-negative organisms. This non-specific 
immunity was of short duration (up to 14 days) and 
was not accompanied by any significant changes in 
the level of complement or natural antibody. Lipo- 
polysaccharide from cell walls produced this im- 
munity in doses as small as 1 ugm. per mouse, and 
more recently the lipid A fraction of this has been 
found highly active. Although injected lipopoly- 
saccharide rapidly increased the serum properdin, it 
is unlikely that this accounted for the immunity, for 
this extended to organisms not affected by the serum 
bactericidal activity of properdin and complement. 
The intravenous injection of lipopolysaccharide 
labelled with phosphorus-32 resulted in the rapid 
removal of most of this by the reticulo-endothelial 
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system. Using the rate of removal of this labelled 
material as a test of function of the reticulo-endo- 
thelial system, it was shown that increased phago- 
cytic activity accompanied the development of 
immunity. 

Dr. D. G. Evans (Medical Research Council, 
Hampstead) discussed the immunity produced in 
mice by intraperitoneal injection of pertussis vaccine 
against the intracerebral challenge of living virulent 
organisms. The steep immune response without lag 
was unlike that associated with antibody production, 
and occurred before circulating specific antibodies 
were detectable. This early immunity was transient 
and declined at 10-14 days, to be followed by the 
slower development of a true antibody type of 
immunity, which reached maximum at-28 days. The 
early and later immunity were associated with a 
common factor so that vaccines with a good early 
response also elicited a good later response. The 
purified pertussis antigen of Pillemer produced both 
responses. The production of early immunity by 
pertussis vaccine was non-specific, for Dubos has 
shown that marked protection detectable within a 
few hours was produced in mice against staphylo- 
coccus and tubercle bacilli. This early immunity is 
probably not due to an increase in properdin, for it 
has been shown that mice given properdin at the 
time of challenge were no more resistant than normal 
mice. 


STEROIDS IN PHARMACY AND 
MEDICINE 


HE chairman’s address to the British Pharma- 

ceutical Congress held at Bristol during September 
2-6 was given by Mr. Frank Hartley. In it, he sur- 
veyed the broad field of the steroids, beginning with 
the earliest known members of the group, the sterols, 
and ending with some of the latest researches on 
anabolic steroids. 

He referred briefly to cholesterol, the bile acids 
and antirachitic vitamins, mentioning some of their 
significance for pharmacy. He then directed his 
attention to the steroid hormones, dealing in turn 
with cestrogens, progestational substances, adreno- 
cortical hormones, steroids as anzsthetics, androgens 
and anabolic agents. It is difficult to select, from 
this masterful survey, a few topics for special com- 
ment, and what follows must necessarily reflect my 
particular interest. 

Mr. Hartley discussed some of the recent develop- 
ments in the search for clinically useful steroids 
among the progestational substances, adrenocortical 
hormones, androgens and anabolic substances. 
The 19-nor-steroids came in for a good deal of 
attention under several of these headings. 19-Nor- 
progesterone is more active than progesterone, as is 
19-norethisterone than ethisterone. 17«-Methyl-19- 
nortestosterone (methyleestrenolone) is among the 
more potent of the new oral progestational sub- 
stances; other derivatives, such as 17a-ethyl-19- 
nortestosterone (norethandrolone) and 17«-ethynyl- 
5(10)-cestrenolone, also exhibit progestational activity. 
Some of these compounds have marked anabolic 
properties as well. 

Mr. Hartley mentioned the A’ derivatives of 
cortisone and hydrocortisone, the now well-known 
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substances prednisone and prednisolone, and then 
discussed still more recent developments. An un- 
saturated linkage between C, and C, converts 
prednisone and prednisolone into even more potent 
glucocorticoids. Halogenation at C, and methylation 
at C, have yielded 9«-fluoro-6«-methylprednisolone, 
which is stated to have a glucocorticoid activity 
some two hundred times that of hydrocortisone. 
9a-Fluorohydrocortisone is now well known for its 
potent mineralocorticoid activity. Mr. Hartley 
referred to numerous other derivatives which have 
been produced by the steroid chemists, including 
steroids with additional hydroxyl groups at carbons 
2, 5, 12, 14 and 16. The potential value of these 
remains to be explored. The 19-nor analogues of 
cortisone and hydrocortisone are less potent than the 
parent substances. 

Mention has already been made of studies on 
19-nortestosterone and its derivatives as anabolic 
agents; esterification with benzoic, cyclopentyl- 
propionic or phenylpropionic acids prolongs their 
effectiveness by intramuscular injection. Recent 
work has shown that 4-chlorination or 6-methylation 
of testosterone derivatives increases their anabolic/ 
androgenic ratio. The androgenic activity of 116 : 178- 
dihydroxy - 9«-fluoro - 17«-methylandrost - 4-en -3-one 
(fluoxymestrone) is stated to be ten times greater 
than that of methyltestosterone, but in spite of the 
presence of the 11-hydroxy group, it is said not to 
give rise to oedema or to hypertension. 

In concluding, Mr. Hartley pointed out that every 
natural steroid hormone possesses not one but a whole 
range of biological activities, some of them un- 
necessary or even undesirable in their application 
therapeutically. Consequently, the need has arisen 
for steroids ‘tailored’ to a particular therapeutic 
requirement. Progress towards meeting this need 
has been mentioned above. Some of the substances 
thus artificially created are often many times more 
active than the natural substances they replace. For 
the future, Mr. Hartley felt that the most important 
application of steroids would be in the field of ger- 
ontology, neuroendocrinology and population con- 
trol. This progress will be achieved by the continued 
close collaboration of steroid chemists, biologists, 
pharmacists and clinicians. G. I. M. SwyEer 


RADIO RESEARCH 1956 


HE annual reports of the chairman of the 

Radio Research Board and of the director of 
radio research are contained in the publication 
“Radio Research 1956”"*. With the completion and 
occupation of the new buildings at the Radio Research 
Station, Slough, in the late summer of 1956 (see 
Nature, 180, 163; 1957), the final transfer of the 
former Radio Division of the National Physical 
Laboratory at Teddington to Slough has now been 
completed. In addition to the work at the main 
Station at Slough, ionospheric observatories have 
continued to be maintained at Inverness, Port 
Stanley and Singapore, and further work is carried 
out under contract with the Department at the 
Universities of Cambridge, London and Wales. An 
ionospheric station has also been equipped and 


* Departmeat of Scientific and Industrial Research. Radio Research 
1956: The Report of the Radio Research Board and the Report of 
the Director ef Radio Research. Pp. iv+47+4 plates. 3s. net. 
(London: H.M. Stationery Office.) 
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staffed at the Royal Society base at Halley Bay, 
Antarctica, in connexion with the International 
Geophysical Year. 

The main emphasis of the research programme has 
been concerned with ionospheric and tropospheric 
radio-wave propagation over a very wide frequency 
band. The efficient forecasting of ionospheric trans- 
mission conditions is an important practical task, 
which has continued to be the concern of the Depart- 
ment. In addition to the routine ionospheric 
recordings made at the Department’s observatories, 
studies of long-distance communications in the high- 
frequency band (17-24 Mc./s.) have been made on 
fixed frequencies, using signals from distant pulse 
transmitters. A variable-frequency sounding appar- 
atus, which operates in increments of 10 kc./s. 
every 0-4 sec. in the frequency band 5-5-25 Mc./s., 
has also been constructed for studying long-distance 
propagation and given preliminary trials. Another 
aid to this study, which is now being pursued from 
the practical point of view, is the technique of back- 
scatter sounding. In this, conditions for transmission 
over long distances are investigated by a radar 
method in which the signals are returned by back- 
scatter at the ground, obviating the need for a distant 
transmitter. Good results have been obtained, and 
an operational equipment has now been built for 
routine use. 

The study of forward-scatter in the ionosphere 
(Z-region) of signals in the very-high-frequency band 
(> 30 Mc./s.) has continued. Measurements of both 
the amplitude and the angular spread and direction 
of arrival of the scattered energy have been made 
in an attempt to elucidate the mechanism responsible. 
Definite conclusions are. not yet possible, but it 
appears that the night-time signals are more likely 
to arise from weak reflexions from a large number 
of trails of ionization produced by low-magnitude 
meteors, rather than from scattering from turbulent 
irregularities in the ionosphere. In this work, strong 
steady signals are frequently received in the summer, 
due to direct reflexions from sporadic E-ionization. 
Investigations of the forward-scatter in the tropo- 
sphere of very-high and ultra-high-frequencies have 
also been started at Slough, in collaboration with 
the Post Office. Experiments on a frequency of 
1,370 Mc./s. received over a path of 150 km. are in 
progress, with the object of elucidating the propaga- 
tion process and developing practical communication 
links based on the phenomenon. The study of the 
statistical correlation between certain meteorological 
features and field-strength measurements beyond 
the horizon of the transmitter has continued, as have 
also the effects of radio noise due to atmospherics on 
radio communications. 

The possibilities of using very low frequencies 
(10-20 ke./s.) for long-distance navigational aids are 
being investigated in co-operation with the Admiralty. 
It is intended to develop a system which functions 
on the phase-difference between signals received 
from two or more widely separated phase-locked 
transmitters, and preliminary investigations of the 
variable phase changes introduced by the ionosphere 
are in progress. 

Apart from a summary of the many studies of radio 
wave propagation undertaken by the Department, 
‘Radio Research 1956’’ includes a brief description 
of some of the work sponsored at universities, and 
of theoretical work on the characteristics of the 
ionosphere. A particular aspect of the latter is a 
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study of the effect of solar eclipses on the ionosphere, 
which yields information on the brightness of the 
Sun’s disk and on the physical properties of the 
ionized layers. Work has also continued on the 
development of power-measuring standards for 
continuous-wave and noise powers in the cm. wave- 
band. Another aspect of work of the Department 
which is described is a study of semi-conductors and 
ferrites. Silicon is assuming an increasingly important 
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role in the development of transistors, and particular 
attention has been paid to operation at high 
frequencies (up to 100 Mce./s.). 

‘Radio Research 1956” is thus a brief survey of 
the investigations for which the Radio Research 
Station has been responsible during the year. A 
complete list of papers on its work published in 
scientific journals during 1956 is given as an appendix 
to the report. GEOFFREY M. Brown 


THIOLS, DISULPHIDES AND’ THIOSULPHATES: SOME NEW 
REACTIONS AND POSSIBILITIES IN PEPTIDE AND 
PROTEIN CHEMISTRY 


By Dr. J. M. SWAN 


Biochemistry Unit, Commonwealth Scientific and Industrial Research Organization, Wool Textile 
Research Laboratories, Melbourne 


HIS communication is concerned with the con- 
version of thiols and disulphides to organic thio- 
sulphates, and with various reactions of the thio- 
sulphate group, both in simple compounds and in 
proteins. A recent method for the specific and 
symmetrical fission of disulphide bonds has led to a 
new process for dissolving keratins, and to a method 
for tagging proteins reversibly with radiosulphur. 
Convenient syntheses of mixed disulphides, especially 
unsymmetrical cystine peptides and peptide inter- 
mediates, a simple method for studying thiols and 
disulphides on paper chromatograms, and reactions 
which may lead to the specific fission of peptide chains 
at cystine or cysteine residues are also described. 
Cystine is known to react reversibly with aqueous 
sulphite to give cysteine and an equimolar amount of 
‘cysteine S-sulphonic acid’ (8-amino-$-carboxyethyl 
thiosulphate) (reaction 1 ; R =HO,CCH(NH,)CH,—). 
The latter compound is more conveniently termed 
S-sulphocysteine, since this allows the corresponding 
residue to be easily named in a peptide sequence. 
This reaction seems to be general for water-soluble 
disulphides, although the point of equilibrium may 
be very different in different cases!-*. 


RSSR + SO,!- = RS- + RSSO,- (1) 


Kolthoff and Stricks‘ have shown that trace 
amounts of cystine and cysteine can be estimated in 
alkaline solution by amperometric titration with 
cupric ions in the presence of sulphite. The cupric 
ions are reduced to cuprous, and the sole product 
from both cysteine and cystine is S-sulphocysteine : 


RSSR + 2Cut+ + 280,*?- > 2RSSO,- + 2Cut (2) 
RSH + 2Cu*+ + SO,* + RSSO,- + 2Cut+ + Ht (3) 


Both reactions go to completion rapidly and offer a 
number of possibilities in preparative chemistry and 
in the study of peptides and proteins containing 
cysteine or cystine. : 
Extraction of keratin derivatives. The cystine 
disulphide bonds in wool are broken symmetrically by 
reaction with cupric-ammonium-sulphite (reaction 2). 
A typical example is as follows: when 1 gm. cf 
merino 64’s wool is treated overnight at room 


temperature with 200 ml. of a solution which is 
0-02 M in cupric ammonium hydroxide, 0-05 M in 
sodium sulphite and contains also 8 M urea to swell 
the wool and assist penetration of the other reagents 
(pH of solution 9-8-10-5), about 75 per cent of the 
wool substance is dissolved. With a reaction time of 
2-6 days, 85-90 per cent of the wool can be dis- 
solved. The reagent will also dissolve chicken 
feathers and powdered horn to the extent of 95 per 
cent and 85 per cent, respectively. The protein 
(‘S-sulphokerateine’) can be precipitated from the 
extracts by acidification and dilution, or by addition 
of ammonium sulphate. It may be freed from copper 
without precipitation by dialysis against citrate or 
ethylenediaminetetraacetate at pH 7-9. The protein 
derivative is soluble down to pH 5, and further study 
of this material is in progress. Urea may be omitted 
from the cupric-ammonium-sulphite reagent; ex- 
traction of the protein is then slower, but 70-90 per 
cent can be brought into solution over a period of 
about six days. The ammonia may be replaced by 
ethylenediamine, and the extraction process can be 
carried out at + 2°. The thiol-rich protein (‘kera- 
teine’) obtained from wool by extraction with 
alkaline thioglycollate’ is rapidly transformed by 
cupric-ammonium-sulphite (reaction 2) to an S- 
sulphokerateine similar to the protein obtained 
directly from wool as described above. 

Labelling proteins with sulphur-35. If sulphite con- 
taining sulphur-35 be used in the above reactions, 
the protein acquires a radioactive label in the thio- 
sulphate group. In addition to the obvious usefulness 
of such a label, for example, in following frac- 
tionation procedures, the reaction should provide an 
extremely sensitive test for the presence of thiol or 
disulphide in a protein or other compound. In order 
to study the stability of the protein thiosulphate 
radical, S-sulphokerateine containing sulphur-35 was 
first dialysed for ten days at 2° against 0-1 N potas- 
sium hydrogen carbonate, pH 7-9, until the radio- 
active material dialysing during each 24 hr. amounted 
to only 0-08 per cent of the total. Aliquots of this 
solution were then dialysed for 40 hr. at 2° against 
various reagents. Over the pH range 1-9, the 
measured decomposition was quite small (0-9-3-2 per 
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cent), rising to 7-3 per cent at pH 10-9 and very 
sharply to 96 per cent in 0-1 N sodium hydroxide. 
In 1 N and 6 N hydrochloric acid under the same 
conditions, the decomposition was 1-8 and 6-0 per 
cent, respectively. 

Thiosulphates are known to react readily with 
aqueous cyanide to give thiocyanates and sulphite 
ion (reaction 4)*, while alkyl thiosulphates marked 
with sulphur-35 in the —SO,;H portion are known to 
undergo exchange with sulphite ions according to 
reaction 57: 

RSSO,- + CN- > RSCN + SO,?- (4) 
RSS*O,- + SO,?- = RSSO,- + 8*0,?- (5) 


Both reactions have been established for S-sulpho- 
kerateine. Dialysis against cyanide at pH 9-6, or 
against sulphite at pH 8-6, leads to almost complete 
loss of radioactivity from the protein. Since re- 
action 1 is reversible, it can be predicted that thio- 
sulphates will be converted by excess of a (different) 
thiol to the alkyl thiol corresponding to the thio- 
sulphate used (reaction 6) : 

excess 
RSSO,;H + R’SH = H,S8O, + RSSR’ a 
RSH + R’SSR’ (6) 


This reaction has also been demonstrated, both for 
S-sulphokerateine and for simple alkyl thiosulphates, 
using thiols such as benzyl mercaptan, thioglycollic 
acid, etc, Sodium amalgam, stannous chloride, 
sodium stannite, sodium arsenite and sodium hypo- 
sulphite (dithionite) are also effective reducing 
agents. Formation of the thiosulphate suggests itself, 
therefore, as a convenient method for stabilizing a 
sensitive thiol, with the possibility of returning at 
will to the original thiol. Thiosulphates may also be 
converted to thiol by hydrolysis in hot dilute 
acid?. 

Specificity of the reaction. A paper chromatographic 
investigation has shown that all the common amino- 
acids, as well as glutamine, asparagine, lanthionine, 
lanthionine SS-dioxide, methionine SS-dioxide and 
3,5-dibromotyrosine, and a range of dipeptides, are 
all unaffected by the cupric-sulphite reagent. On the 
other hand, cysteine, cystine, glutathione and various 
cystine peptides all gave new ninhydrin-positive spots 
corresponding with conversion to the thiosulphate. 
This reaction can be effected on the paper simply by 
treating the dried amino-acid or peptide spot with 
dilute sodium sulphite solution. Copper is not neces- 
sary since the thiol formed is quickly reoxidized by 
air. Unsymmetrical cystine peptides yield two thio- 
sulphate derivatives corresponding to the residues on 
each side of the disulphide bond. The thiosulphates 
have Rp values close to those of the corresponding 
sulphonic acids. Since the cupric-sulphite reaction is 
so specific, it suggests itself as an alternative to 
oxidation with peracids for obtaining linear peptides 
from complex cystine-containing proteins such as 
insulin and lysozyme, especially as oxidation by 
peracids destroys tryptophan residues and may result 
in partial destruction of lysine and arginine residues*® 
and modification of tyrosine residues*. It has been 
shown that insulin does, in fact, react rapidly and 
quantitatively with the cupric-sulphite reagent in 
0-05 M ammonium hydroxide with separation of the 
two peptide chains. 

Synthesis of mixed disulphides. Reaction 6 shows 
that if a thiosulphate be brought into reaction with 


NATURE 


September 28, 1957 vo. 80 


one equivalent of a (different) thiol, the equilibrium 
mixture should contain the unsymmetrical disulphide. 
Footner and Smiles* examined the reaction of various 
thiosulphates and thiols in alkaline solution, but only 
in one case was the mixed disulphide obtained. In 
their other examples, the insoluble product consisted 
of a mixture of the two symmetrical disulphides, 
which presumably arise from the mixed disulphide 
by a process of rearrangement. In the cases studied, 
the reaction was driven to completion by the in. 
solubility of the products formed. It is known that 
disulphide rearrangement is catalysed in alkaline 
solution by traces of thiol, but that rearrangement is 
minimized in dilute acid solution, where thiols in fact 
inhibit rearrangement’. Accordingly, the thio- 
sulphate-thiol reaction has been re-examined in 
dilute acid solution, a stream of nitrogen being 
passed through the mixture to remove the sulphur 
dioxide formed. Under these conditions, mixed 
disulphides have been obtained in high yield. Suc- 
cessful syntheses have also been carried out in 
alkaline solution in the presence of strontium ions ; 
the reaction is then driven to completion by the 
precipitation of sulphite as strontium sulphite. 
S-sulpho-L-cysteine reacts with benzyl mercaptan, 
thioglycollic acid and N-carbobenzoxy-L-cysteine to 
yield in each case the respective mixed disulphide ; 
the same products are also obtained from L-cysteine 
using benzyl thiosulphate, carboxymethyl _ thio- 
sulphate and N-carbobenzoxy-S-sulpho-.-cysteine, 
respectively. S-sulpho-L-cysteine also reacts with 
L-cysteine to give L-cystine having full optical 
activity. Glutathione reacts with S-sulpho-L-cysteine 
at pH 5 in a stream of nitrogen to give the mixed 
disulphide of cysteine and glutathione ; in this case, 


‘partial rearrangement also occurs to cystine and 


oxidized glutathione. Cysteine reacts with disodium 
ethylene dithiosulphate to give a new amino-acid (I) 
containing two disulphide bonds. 


HO,C CO,H 
\ ‘4 
CHCH,SSCH,CH,SSCH,CH 
HN’ NH, 


(I) 


Organic thiosulphates have been patented as agents 
for modifying reduced keratin™. Mixed disulphide 
formation occurs between the protein chains and the 
organic residue from the thiosulphate, while difunc- 
tional thiosulphates are thought to give cross-links 
between the chains of the kind shown in (I). Experi- 
ments of this kind have been carried out with soluble 
wool kerateine and various thiosulphates. It is of 
interest that the mixed disulphide of wool kerateine 
and cysteine is extremely labile in alkaline solution 
and becomes rearranged to cystine and the highly 
insoluble ‘oxidized kerateine’. The same is also true 
of the kerateine-thioglycollic acid mixed disulphide. 

The mixed disulphide of cysteine and benzyl mer- 
captan, which may be termed S-(benzylthio) cysteine, 
shows promise as an intermediate for the synthesis 
of cystine peptides. Analogously to S-(phenylthio) 
cysteine’, it becomes rearranged to cystine and 
dibenzyl disulphide on refluxing in 6 N hydrochloric 
acid, or on gentle warming in a solution of anhydrous 
hydrogen bromide in acetic acid. It may be recovered 
unchanged from a solution in 6 N ammonia, but the 
solution in N sodium hydroxide deposits dibenzyl 
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disulphide quantitatively after about one minute. 
That this rearrangement is catalysed by traces of 
thiol formed by alkaline decomposition is shown by 
the fact that the appearance of dibenzyl disulphide 
is greatly retarded if a small amount of a chloro- 
mercuri compound be present initially. 

Specific fission of protein chains. The reaction of 
alkyl thiosulphates with cyanide to yield alkyl thio- 
eyanates (reaction 4) has led to a potential method 
for the specific fission of peptide and protein chains 
at the cysteine or cystine residues. The method 
depends on the fact that the ‘f-thiocyanoalanine’ 
residues formed from S-sulphocysteine with cyanide 
are readily degraded to thiocyanic acid and “dehydro- 
alanine’ («-aminoacrylic) residues (reaction 7). 


| | | 
NH NH NH 
| cn- | oH- | 
CHCH,SSO,-— CHCH,SCN > C=CH, + 


| 
co CO co 
| | SCON-+H,0 (7) 


8-Thiocyanoalanine Dehydroalanine 
residue residue 


It is well known that N-acyl dehydroamino-acids 
are readily split by dilute acid or alkali yielding the 
acyl compound, ammonia and a ketoacid!*; for 
example : 
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CH, 


| 
RCONHCCO,H - RCO,H + NH, + CH,COCO,H 


In addition, much attention has been given to 
dehydropeptidases, which can bring about the same 
fission without causing hydrolysis of normal peptide 
bonds". Promising results have already been 
obtained in applying this method to the S-sulpho 
derivatives obtained from various synthetic cystine 
derivatives, glutathione and insulin, and further work 
on these lines is in progress. 

It is hoped to publish elsewhere a more complete 
account of these investigations. 
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ORIENTED TRANSFORMATIONS IN IRON OXIDES AND 
HYDROXIDES 


By Pror. J. D. BERNAL, F.R.S., Dr. D. R. DASGUPTA and Dr. A. L. MACKAY 
Birkbeck College Crystallographic Laboratory, 2! Torrington Square, London, W.C.| 


T has been known for many years that, in the 

systems of hydroxides of some tervalent metals, 
notably iron and aluminium, there exist two series 
of crystalline structures, a and y, the first of which 
on heating gives rise to hexagonal oxides (hzmatite, 
Fe,0,; corundum, Al,O,) and the second to cubic, 
spinel-like forms (maghzemite, or magnetic ferric 
oxide, and y-alumina). 

The nature of these transformations suggests that 
they take place, not by de novo recrystallization of 
the oxide, but rather by the shifting and re-stacking 
of structures already existing in the hydroxides. 
This mechanism has already been discussed by one 
of us for the case of the aluminium! and manganese* 
hydroxides. We have recently, in the course of a 
study of structures of magnetic minerals, been able 
to follow this transformation in some detail, as well 
as a further change from the y-oxide form to the 
2-oxide, which also proceeds in an ordered way. 

The starting material is the somewhat rare mineral 
lepidocrocite, y-FeO(OH), specimens of which were 
provided by the British Museum (Natural History) 
and Oxford University Museum. Lepidocrocite was 
also prepared synthetically by various methods*, of 
Which the most successful was that of Welo and 
Baudisch‘, in which ferrous hydroxide was pre- 


cipitated from ferrous chloride solution with pyridine 
and oxidized by passing a current of air through the 
solution. Rapid oxidation produces maghemite at 
room temperature similar to that produced by 
electrolysis by Davey and Scott’. We have found it 
extremely difficult to prepare pure lepidocrocite. 
Most specimens are contaminated by maghzemite and 
goethite, «-FeO(OH), and this may partly account 
for the instability of the precipitated hydroxide 
relative to the natural mineral. 

Precipitated lepidocrocite began to lose water at 
180° C. and was completely converted to maghzmite 
and some hematite at 200°, all maghemite being 
converted to hematite below 250°. The natural 
crystals proved more stable. This corresponds to the 
observations of one of us* that the impure iron 
hydroxide limonite, which is mostly goethite, loses 
water at 210° as against 250° for the pure mineral. 

It was found that a single crystal of lepidocrocite 
could be heated in air to 235° without change, but 
that at 250° it became transformed to an oriented 
texture of a spinel phase and hematite. The former 
was very poorly crystallized, having a particle size, 
estimated from the line broadening, of 100 A.; its 
lattice dimension was a = 8-356 + 0-003 A, which is 
closer to that of maghzmite (8-350) than magnetite 
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Fig. 1. 


(b) Magnetite-ilmenite intergrowth unhea 
side of the figure 


(8-396). However, the X-ray reflexions, such as 
(221) and (320), which distinguish maghzmite (space 
group P2,3 or P4,32) from magnetite (space group 
Fd3m), were not observed; but it seems more 
probable. that the spinel phase should be disordered 
maghzmite than that it should be magnetite, Fe,O,, 
which would require the loss of 1/12 of a molecule of 
oxygen per FeO(OH) formula unit in the first stage 
of the transformation and a similar gain in the second 
stage. The nature of the mutual orientation is evident 
from the X-ray photograph (Fig. la) and is shown 
diagrammatically in Fig. 2. The maghzmite crystals 
form with their [001], [110] and [110] axes parallel to 
the principal axes [100], [010] and [001], respectively, 
of the lepidocrocite crystal. The hematite crystals 
then grow with their [00-1] axes 
parallel to the [111] directions of 
the maghemite and their [1T-0] 
directions parallel to the [110] 
directions of the maghzemite. The 
sharpness of the X-ray diffraction 
spots from the hematite shows it 
to be much better crystallized 
than the maghzemite. 

The dehydration of lepidocro- 
cite on heating in air was followed 
on an electronically controlled 
thermo-balance (Northern Coke 
Research Laboratories, King’s Col- 
lege, Newcastle upon Tyne) with 
simultaneous measurement of the 
magnetic susceptibility by the 
Curie-Chéneveau method. The 
rate of heating was 100° per hour. 
The half molecule of water began 
to come off at about 240° and the 
specimen weight became constant 
at about 300°. For synthetic 
lepidocrocite the corresponding 
temperatures’ were about 650° 
lower. The presence of a mag- 
netic phase was detected imme- 
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(a) Natural lepidocrocite heated to 250°, and converted to maghwemite (diffuse 

pate) and hematite (sharp spots). Rotation photograph, cobalt radiation, 16 hr., about 

the [100] axis of original lepidocrocite. This axis has become a [100] axisof maghwmite 
and is approximately cape *4] axis of hematite 

. Rotation photograph about a [100] axis 

of the magnetite. Copper Ka radiation, 16 hr. exposure. Enlarged to correspond to left 
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diately the loss of weight at 240° 
began. The apparent suscept- 
ibility increased rapidly to a 
maximum when the specimen was 
at about 290°, and then decreased 
steadily, becoming smaller than 
could be measured at 440°. 
The mechanism of the trans- 
formation would appear to be as 
follows. Fig. 3 shows the similarity 
of the lepidocrocite structure to 
that of maghzmite (spinel type). 
The transition would require the 
removal of half the hydroxyl 
groups, together with the hydro- 
gen atoms in the adjoining hy- 
droxyl sheets, as water mole- 
cules, followed by a closing up of 
the (010) layers from 12-57 to 
8-85 A., that is, by 30 per cent 
b (1-86 A. per layer) in the [010] 
direction of the lepidocrocite, to- 
gether with a shift of half an 
oxygen ion width (1-94 A.) in the 
[100] direction. The a- and c- 
dimensions of lepidocrocite differ 
by 0-30 and 0-11 A., respectively, 
from the corresponding periods 
of maghzmite, and the resulting strain may account 
for the smallness of the maghzmite crystals. Our 
observations establish that the formation of hematite 
is subsequent to that of maghzemite, for it is oriented 
in relation to the planes of the maghzemite and not of 
the original lepidocrocite. The second transformation 
does not involve any loss of material but only a 
re-stacking of the hexagonal close-packed oxygen 
atoms on the {111} faces of the maghzmite. In the 
process it is evident that some crystal growth occurs. 
The orientation relation observed for the mag- 
hemite-hematite transformation has also been 
verified by X-rays for the isomorphous magnetite 
(Fe,0,)—ilmenite (FeTiO,) transformation, which 
occurs in natural titaniferous magnetite systems 








Fig. 2. Orientation relationships in the transformation lepidocrocite (L)—maghsmite 
(M)—hematite (H) 
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Fig. 3. Comparison of lepidocrocite and spinel structures. 
studied by Vincent’. We examined two types 
of single-crystal specimens derived from _ basic 
intrusions which were kindly supplied to us by Dr. 
E. A. Vincent. The first contained two spinel phases, 
magnetite and ulvo-spinel (Fe,TiO,) oriented very 
precisely parallel to each other. When heated to 
500° the crystals partly homogenized to one spinel 
phase (with a@ = 8-446 A.). When heated to 950°, 
the homogenization appeared complete (with a = 
8-432 A.). 

The second specimen, which must have been 
derived by slow cooling from a single crystal, con- 
tained both magnetite and ilmenite phases. Here all 
the spots were perfectly sharp and the ilmenite 
crystals were oriented in relation to the magnetite. 
As the photograph (Fig. 1b) shows, this orientation 
is exactly as found in the maghemite—hematite 
transformation (Fig. la) described above, with the 
[00-1] axes of the ilmenite (isomorphous with 
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Unit cell outlined, a = 3-87 A. 
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hematite) parallel to the [111] 
axes of the magnetite. Heating 
to 950° did not produce homo- 
genization. One specimen was 
found with two parallel spinel 
phases oriented with respect to 
the ilmenite as just described. 

These observations, taken to- 
gether, go far to substantiate 
the idea that, whenever steric 
conditions permit, solid state 
transformations, even where 
material is lost to the system, 
proceed by a minimum re- 
arrangement of the structures 
of single crystals, involving little 
more than the mechanisms of 
dislocation glides, such as pro- 
duce stacking faults and twin- 
ning. This type of transforma- 
tion is not limited to com- 
pounds of metals of fixed val- 
ency. Similar transformations 
occur? in the series Mn(OH),— 
NnO(OH)-MnO,, while in the 
iron series it is highly probable that the original 
white precipitate of Fe(OH), from ferrous solutions 
belongs to the y-series, and the red precipitate 
of Fe(OH), from ferric solutions to the «-series. 
It seems reasonable to infer, wherever powder 
photography indicates two series of transforma- 
tions of the same chemical compound leading to 
different end-products, that oriented or epitaxial 
types of transformations are involved. 

The work described forms part of a research pro- 
gramme on magnetic ores sponsored by the Depart- 
ment of Scientific and Industrial Research, to which 
we are grateful for financial support. 
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EXPERIMENTAL INDUCTION OF THE BREEDING SEASON IN A 
XEROPHILOUS BIRD 


By Dr. A. J. MARSHALL 
Department of Zoology and Comparative Anatomy, St. Bartholomew’s Medical College, University of London 
AND 
H. J. de S. DISNEY 


Department of Agriculture, Dodoma, Tanganyika Territory 


LTHOUGH there have been suggestions to the 

contrary, it is unlikely that the breeding seasons 
of truly equatorial vertebrates are controlled by 
photoperiodicity, although at 16° N. (Senegal)', and 
even at 3-22° §. (Tanganyika)*, the sexual cycle of 
Quelea quelea (the red-billed weaver finch) has been 
advanced by artificial illumination. Rather, many 
equatorial and other species have evolved a repro- 
ductive response to rainfall, or its effects. There has 
been adduced, however, little evidence concerning the 
role of rainfall per se, as distinct from the various en- 
vironmental effects (for example, the sudden appear- 





ance of green grass, green seeds, animal food) of 
which it is an essential cause’. 

Q. quelea is a sexually dimorphic, highly nomadic 
weaver-finch that occurs in flocks of up to one 
million strong over great areas of Africa below the 
30-in. isohyet**. Such flocks cross the equator and 
may breed on either side of it irrespective of minor 
photofluctuations. Between March and June, 1956, 
five hundred young Quelea were trapped soon after 
leaving the nest in the Dodoma area (lat. 6° 11’), 
Tanganyika. The juvenile age-groups were distin- 


guished by ringing, and one hundred birds were 
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placed in each of four cages measuring 18 ft. x 6 ft. x 
6ft. These were furnished as follows : 

Cage I: Nesting bush (Acacia mellifera) of tradi- 
tional kind, dry seeds of white millet (Panicum 
miliaceum) and bulrush millet (Pennisetum typhoid- 
eum), trough-water, and long dry grass of the genus 
(Cynodon) the bird uses for building material. 

Cage II: As Cage I, but equipped also with a 
sprinkler simulating natural rainfall for two hours 
a day (=approx. 0-5 in.). 

Cage III: As Cage I, but additionally with fresh 
green grass-seeds, long green nesting grass and trays 
of just-germinated green millet. 

Cage IV: As Cage III, but additionally with a 
sprinkler for two hours per day (0-5 in. of ‘rain’) and 
quantities of harvester termites (Hodotermes mossam- 
bicus), grasshoppers, and dipterous larvae. 

The difficulty of maintaining supplies of green 
grass, green grass-seeds and live larve during the 
dry season was overcome by growing appropriate 
grasses under irrigation and establishing an insect 
hatchery. This plantation grass was augmented by 
fresh grass (Hchinochloa stagnina) collected by 
Africans from a distant swamp and dispatched by 
goods train three times a week. Grasshoppers and 
termites were collected daily. The cages were 
10-30 yards apart, and optically isolated by hessian 
screens and sorghum stalks. Food, grass and water 
were replenished twice a day. 

The experiment was begun on June 30. In all 
groups the birds almost immediately tried to weave 
nests. Building was done only by the males, and 
in synchronized surges within groups. Frequently, 
too, there were synchronized demolitions followed 
again by concerted building. Weekly counts were 
made and after two months current nesting attempts 
were recorded as follows : 





| Date | 
September 1 1 | 3 | 21 | 13 


! | | 1 
Cage I Cage II Cage III | Cage IV 








Thus, indications were obtained that for these 
birds (which were still physiologically incapable of 
reproduction) green grass is an important factor in 
nest building. It appeared to be physically impossible 
for long, brittle, dry grass to be used, and wild 
populations never attempt to do so. 

The experimental procedure was now varied as 
follows : On September 10 all nests were demolished 
in Cages I and III. To Cage I, where building under 
dry conditions had been negligible, green nesting 
grass was added. From Cage III green seed and 
trays of germinated millet were eliminated so that both 
these cages now had dry food and green nesting 
grass. The following results were obtained : 








| Cage III | 





Date Cage I 
| September 9 1 22 
- 10 —_— ~— 
Peri 9 7 
October 1 17 20 
| 








There is, then, good evidence of the importance of 
long green grass as a nesting stimulus. However, 
the above figures refer to nesting attempts in which 
imperfect structures were built. It was found that 
complete nests were made only when the grass had 
produced long stems (for the frame of the nest), long 
blades (for tying the frame together), and seed-heads. 
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Although rain did not raise the number of building 
attempts it did appear slightly to accelerate the 
assumption of breeding coloration in the female. 
In Cages II and IV the females began to change 
colour before the others, but in all cages the visible 
changes took three weeks. (It was considered inexpe- 
dient to handle the birds so it is possible that initia] 
moult stages may have been unobserved.) In all 
experimental cages the females changed colour before 
the wild population. In a reserve cage provided with 
dry millet, resting bush, trough-water and no building 
material whatever, the colour changes were delayed 
and remained approximately in phase with those of 
the wild population. Therefore, it seems possible that 
close association with males engaged in the mani- 
pulation of nesting material may have exerted a 
stimulus that operated neurohumorally and acceler- 
ated colour change. In the experimental cages full 
nuptial colour was complete in both sexes before 
November 20 so that, even without rainfall, green 
grass or animal food, the birds were physically 
prepared for reproduction before the ‘rainy season’ 
expected in December or January. 

The first eggs were laid (in Cage ITI) on December 
24. One egg was found on the ground. The other 
was laid in a nest: it was incubated, developed an 
embryo, but was destroyed by intruder birds just 
before hatching. Before the initial ovulation only 
4-01 in. of natural rain fell and for more than 
a month (Nov. 28-Dec. 31) there fell only 
5-09 in. 

This natural precipitation was negligible in quantity 
compared with the artificial rain provided in Cages IT 
and IV and did not lead to reproduction in Cages I, 
II or IV. The manufacture of complete nests was 
slightly retarded in early January when our plantation 
grass failed to produce seeding heads. By January 28, 
however, stems bearing seeds were again available, 
and many nests were completed. More young 
appeared in Cage III on March | and 5, and on the 
latter date the first eggs hatched in Cage IV. The 
incubation period is twelve days and there had been 
no natural rain between Feb. 12 and March 1. 

In Cage II (for months supplied with a daily 
0-5-in. of artificial rain, dry food and dry nesting 
grass), a few birds at length managed to weave 
sodden dry grass into nests. One egg was found on 
the ground on April 12 and an egg was laid in a nest 
on May 14. This disappeared the next day, probably 
destroyed by intruders. 

Altogether, thirty young were hatched in Cage III. 
As successive groups of young appeared, a temporary 
supply of insect food was provided but only five 
chicks were successfully reared. In Cage IV five 
young were hatched, of which none survived. Deaths 
were generally caused by the attacks of adults. 
The begging posture of the chicks somewhat resembles 
that adopted by soliciting females and this was often 
responsible for severe injury by neighbouring males. 
The 1956-57 rainfall was very unevenly distributed, 
with periods of no effective precipitation for as long 
as six weeks. The only reproduction that occurred 
in Q. quelea over an area of many hundred square 
miles was in our Cages III and IV. 

The present initial experiment was hampered by 
the periodic failure of our plantation grass to mature 
sufficiently, by the collapse of the nesting bushes due 
to the ravages of weevils and, perhaps, by the presence 
in the cages of too many birds. However, from the 
above results it appears that : 
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1. There exists in Q. quelea an innate urge to 
build nests which, in the confines of a cage well 
supplied with food, will find expression within about 
three months of leaving the nest, and before indiv- 
iduals have assumed nuptial plumage. 

2. Successful nest-building cannot take place 
until the environment provides green grass with stems 
and blades sufficiently long to be used by the males 
for weaving. By this time (and when the females 
will accept the nests) the green grass is seeding. It 
is not yet known whether the seed-heads exert a 
stimulus on the females. It has been previously 
shown‘ that the young are fed principally on green 
seeds from the age of five days, but that during the 
first five days of life the parents bring them insects 
(providing essential amino-acids). Yet this kind of 
protein food does not appear to constitute a stimulus 
to reproduction. Inevitably, of course, animal food 
becomes available at the same period as the seed- 
heads. Thus, if the nomadic flocks of Quelea find 
enough suitable green nesting grass, the amino-acids 
essential to the early development of the young will 
ke there as well. 

3. Experimentally, rainfall in itself lowers, rather 
than increases, the number of ovulations (but not the 
number of complete nests). 

4. An internal rhythm of reproduction exists, and 
this controls in both sexes the assumption of sexual 
coloration of beak, soft parts, plumage and, in the 
male, the onset of sexual display, performed on or 
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near the incomplete nest, that leads to copulation. 
This rhythm is modifiable by external conditions, 
including possibly rainfall and other external effects 
(for example, social stimulation). Many birds of both 
sexes came into breeding dress when only 54 months 
old, and reproduction was shown to be possible at 
the age of nine months. Thus the breeding which 
occurs in this highly nomadic pest in southern Kenya 
in December and January could be by birds them- 
selves hatched as recently as the previous March or 
April in Tanganyika. 

Fuller observations, including particularly those 
concerning comparative gonad development in rela- 
tion to external conditions and display in caged and 
wild populations, will be published elsewhere. 

We are indebted to the director (Mr. J. R. Soper) 
and the assistant director (Mr. N. R. Fuggles- 
Couchman) of the Department of Agriculture, 
Tanganyika Territory, whose kind co-operation made 
our work possible. One of us (A. J. M.) was enabled 
to work in East Africa through the courtesy of the 
East African Fisheries Research Organization and its 
director (Mr. R. 8S. A. Beauchamp). 
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GENETICALLY-CONTROLLED DIFFERENCES IN CATALASE 
ACTIVITY OF DOG ERYTHROCYTES 


By Dr. A. C. ALLISON and W. ap REES 


Medical Research Council Unit for Research in Cell Metabolism, Department of Biochemistry, 
University of Oxford 


AND 


G. P. BURN 
Department of Biochemistry, Radcliffe Infirmary, Oxford 


URING the course of experiments on vitamin E 
deficiency!, Drs. T. Moore and I. M. Sharman 
noticed that in the presence of dialuric acid the 
erythrocytes of some dogs became brown in the course 
of a few minutes while the erythrocytes of other dogs 
maintained their normal red colour for $ hr. or longer. 
It occurred to us that this observation might be due 
to differences in the activity of the enzyme catalase 
in the erythrocytes ; such differences had already 
been shown to exist?. It was supposed that, in the 
absence of sufficient catalase, hydrogen peroxide, 
produced by autoxidation of dialuric acid, might 
accumulate and oxidize the hemoglobin in the 
erythrocytes to methemoglobin, which is brown. 
On the other hand, if there were sufficient catalase in 
the erythrocytes, they would retain the red colour 
of oxyhemoglobin. 

Tests with dialuric acid were carried out using an 
adaptation of Gyorgy’s technique for detecting 
hemolysis in vitamin E-deficient animals*. Blood 
was collected in 0-2 M sodium citrate buffer, pH 7-4. 
The erythrocytes were washed twice in 0-9 per cent 
sodium chloride and the packed cells resuspended in 
20 vol. of 0-9 per cent sodium chloride. The dialuric 


acid solution contained 1 mgm. per ml. in 0-2 M 
phosphate buffer, pH 7-4, with sodium as the only 
cation. Small test-tubes were set up containing 
0-1 ml. dialuric acid solution, 0-15 ml. buffer and 
0-25 ml. cell suspension. Each blood sample was 
tested in duplicate and with a control tube containing 
buffer only. The tubes were placed in a water-bath 
at 37° C. for 15 min. By this time the great majority 
of cell suspensions were either bright red or dark 
brown: tests on individual dogs always gave the 
same result. In an unselected sample of seventy-two 
dogs, twenty-six were found to have brown cells. 
The dogs tested included various breeds (Irish setters, 
spaniels, greyhounds and terriers) as well as mongrels, 
all of which were divided for the character. The 
results are insufficient to decide whether the fre- 
quency of brown erythrocytes varies from breed to 
breed. 

The activity of the enzyme catalase in the ery- 
throcytes was measured with hydrogen peroxide as 
substrate, using the technique described’ by Allison 
and Burn‘. The results are expressed as the initial 
reaction velocity in m.mol. of oxygen liberated per 
ml. packed cells per min. The observed activities in 
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Fig. 1. Histogram showing the distribution of erythrocyte 


catalase activities in forty-eight dogs. Abscissa: catalase 
activity expressed as the initial reaction velocity in m.mol. 
oxygen liberated/ml. packed cells/min. 


forty-two dogs are shown in Fig. 1. The results are 
in agreement with the report of Richardson et al.* 
on a small number of dog erythrocytes that “‘although 
the average value was low when compared with that 
of other species of animals, the relatively great 
differences in indices of bloods from individual 
animals are notable’. Our results also confirm their 
conclusion that the mean erythrocyte catalase-level 
in dogs is about one-thirtieth of that in human 
erythrocytes. In the relatively wide range of activi- 
ties encountered, there was evidence of a bimodal 
distribution ; the level in any one animal tested at 
different times was remarkably constant. All the 
dogs the erythrocytes of which had become brown 
in the presence of dialuric acid had catalase-levels 
less than 1-5 m.mol./ml. cells/min. 

Further experiments were undertaken to ascertain 
whether this difference is inherited. Through the 
kind co-operation of Mr. W. B. Singleton of the 
Canine Research Station, Kennet, Nr. Newmarket, 
Suffolk, and Mr. J. Scarnell, Wellcome Veterinary 
Research Station, Frant, Tunbridge Wells, Kent, 
blood specimens were obtained from seventy offspring 
of nineteen matings. In Table 1 the results of tests 
are classified according to whether catalase-levels fall 
into the high or low group (above or below 1-5 
m.mol./ml. cells/min.). 

Three main points emerge from Table 1. In the first 
place, most of the offspring of high « high matings 
fall into the high group, but four do not; all these 
had very low catalase activities. Second, there is a 
preponderance of high offspring among the high x low 
matings, which suggests that the high group of parents 
may have included some homozygotes as well as 
heterozygotes. Third, all but one of the offspring of 
low X low matings fall into the low category. The 
single exception had a catalase activity of 1-6 
m.mol./ml. cells/min., which is narrowly within the 
high group. 

Apart from the last finding (which could be due to 
a slight overlap between the range of distributions of 
high and low activities) the results are consistent 
with a simple mode of inheritance. We have sup- 


posed that there is a single pair of alleles C,c and 
Table 1. CATALASE-LEVELS IN OFFSPRING OF VARIOUS MATINGS 


| | 








| Offspring 
Mating type No. of matings —-————-——__ —--— 
| High Low 
| High x high 7 21 1 
| High x low | | 10 | 23 16 
1 
| 


Low x low | 2 
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that in the presence of C more catalase is produced 
than in the presence of c. On this hypothesis three 
genotypes would be expected, ce, Cc, CC, of which cc 
would show very little catalase activity while Ce and 
CC would show higher activities. If C were com- 
pletely dominant to c, the activities of CC and (¢ 
would be the same; otherwise the activities shown 
by the heterozygotes would be intermediate between 
those shown by the two homozygotes. In fact, three 
animals which might have been homozygous (CC 
(because when mated with cc they had five or more 
offspring all of which fell into the high activity 
group) showed catalase-levels above 2-5 m.mol./m./ 
min. All the parents in the high group who had 
offspring in the low group (that is, must have been 
heterozygous) had activities below 2-5 m.mol/ml./ 
min. These findings suggest that the heterozygotes 
have enzyme activities intermediate between those 
of the two homozygotes. After the completion of 
this investigation, it was found that Putilin® had 
reported that high and low erythrocyte catalase-levels 
in cattle are controlled by a single pair of genes. 
Again, the activity of the heterozygotes is inter- 
mediate between those of the two homozygotes. 

The catalase deficiency observed in some dogs may 
be confined to the erythrocytes: tests on a liver 
homogenate from one animal with a low erythrocyte 
catalase-level showed a slightly higher activity than 
tests on liver homogenates of two animals with high 
erythrocyte catalase-levels. It is noteworthy that 
the dogs with low erythrocyte catalase-levels showed 
no signs of hemolysis, liability to infection or other 
disability. This is in contrast to the report of 
Takahara* that human subjects lacking catalase in 
their erythrocytes are subject to progressive oral 
gangrene. 

Besides illustrating the quantitative effects on 
enzyme activity of the genes concerned, this situation 
is interesting from the point of view of population 
genetics. In the presence of the c gene relatively 
little catalase is produced, yet several breeds of dogs 
are polymorphic for the gene. Usually such genes 
are disadvantageous and remain at a low frequency 
in populations, but a few instances where they have 
become common are on record. Thus, about 15 per 
cent of rabbits lack the enzyme atropine esterase in 
their plasma and liver. According to Sawin and 
Glick’? the capacity to split atropine is inherited in 
the form of a gene (As) located on the same chromo- 
some as the gene () for the diffusion of black pigment 
in the fur. The character is incompletely dominant, 
since homozygotes (As/As) produce more enzyme 
than heterozygotes, while no activity at all can be 
detected in the other homozygotes (as/as). 

The polymorphism of the As gene in rabbits and 
of the C gene in dogs and cattle could be explained 
if it were advantageous to have an enzyme activity 
intermediate between the two extremes, since the 
heterozygotes would then be favoured. Alternatively, 
pleiotropic effects of the genes concerned may have 
selective effects which have brought about the 
fixation of both pairs of alleles. 

1 Moore, T., and Sharman, I. M., Biochem. J., 52, Proc. i (1952). 


2 Richardson, M., Huddleston, I. F., Bethea, R., and Trustdorf, M., 
Arch. Biochem. Biophys., 42, 124 (1953). 


* Gyorgy, P., and Rose ©. M., Ann. N.Y. Acad. Sci., 52, 231 (1949). 
‘ Allison, A. C., and Burn, G. P., Brit. J. Haematol., 1, 291 (1955). 

’ Putilin, K. I., J. Biol. Med. Exp., U.S.S.R., 5, 1 (1929). 

* Takahara, S., Lancet, ii, 1101 (1955). 


7 Sawin, P. 
(1943). 


B., and Glick, D., Proc. U.S. Nat. Acad. Sci., 29, 55 
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LETTERS TO THE EDITORS 


The Editors do not hold themselves responsible 
for opinions expressed by their correspondents. 
‘No notice is taken of anonymous communications. 


Effect of Exposure to Gamma-Rays on the 
Hygroscopicity of Sitka Spruce Wood 

Tue possibility of controlling insect attack in wood 
by exposure to gamma-radiation has recently been 
discussed by Bletchly and Fisher’. Although the 
practical applications of this method have still to 
be worked out and evaluated, any in situ treatment 
will inevitably expose the wood to the effect of the 
radiation, and with the development in Britain of 
the atomic energy programme, the exposure of wood 
to ionizing radiations is likely to become more 
common. 

It is therefore of interest to see whether these 
radiations influence the properties of the wood itself, 
and as a first step towards this end the effect of 
exposure to gamma-radiation on the hygroscopicity 
of sitka spruce wood has been determined. Since 
nearly all physical properties of wood are affected 
by moisture content, it is probable that the changes 
in hygroscopicity may give some indication of the 
changes to be expected in other physical properties. 

With the co-operation of the Technological Irradia- 
tion Group of the Isotope Division, Harwell, disks 
of sitka spruce approximately 19 mm. in diameter 
and 1 mm. in thickness along the grain were irradiated 
with cobalt-60 gamma-rays (energy 1-17 and 1-33 
MeV.) to dosage-levels of 10%, 10’ and 10° rad. The 
temperature of the source was 35-40° C. and the time 
of exposure 200 hr. for the 10° rad dose (and pro rata 
for lower doses). The exposures were continuous, and 
since there was only limited ventilation the samples 
were in an atmosphere containing appreciable though 
unknown amounts of ozone. There was no change 
in the appearance of the samples after irradiation, 
but at the highest dose, the wood seemed to have 
become slightly brittle. : A 

The equilibrium moisture content/relative humidity 
curves were determined on control and irradiated 
samples by a technique involving the use of McBain 
quartz spring balances. The adsorption curves for 
zero and 108-rad exposure are shown in Fig. 1, and 
it is apparent that there is a small reduction in 
equilibrium moisture content at all relative humidities 
with the 10%-rad dose. The curves for 10° and 10°-rad 
exposure are not shown, but there is some evidence 


OO CONTROL 
%-K IRRADIATED 10° RAD 
| 


4 
S 


f— 
o 


n 
| 
| 
| 
—+- 
| 
| 


Moisture content (per cent) 





o 10° 2 30 40 50 = 60 70 80 90 100 
Relative humidity (per cent) 


Fig. 1. Equilibrium moisture content/relative humidity curves 
'n adsorption cycle for control and irradiated sitka spruce 


of a slight though scarcely significant reduction at 
10° rad; the curves for the control and 10*-rad 
specimens are indistinguishable. Desorption curves 
were also determined and showed similar effects. 

It thus appears that the hygroscopicity (and possibly 
other physical properties) of wood are only affected 
by very heavy doses of radiation, and that at less 
than about 10’ rad, the effect is negligible. This 
conclusion is in general agreement with the results of 
Lawton et al.*, who studied the chemical changes in 
basswood on exposure to high-velocity electrons. 
They found that comparable exposures, approaching 
10’ r., were required before any chemical change 
became appreciable. 

The doses of gamma-radiation mentioned by 
Bletchly and Fisher did not exceed about 60,000 rad 
and were often considerably less, whereas the present 
experiments involved doses greater by a factor of 
several hundreds. Thus any doses used for controlling 
wood-boring insects in practice are unlikely to have 
any significant physical effect on the wood itself. 

The above work forms part of the programme of 
the Forest Products Research Board and is published 
by permission of the Department of Scientific and 
Industrial Research. We are grateful to Mr. T. 
Horne, of the Technological Irradiation Group of 
the Isotope Division, Harwell, for his co-operation 
in irradiating the samples and for comments and 
suggestions. 

J. M. Paton 
R. F. 8. Hearmon 
Physics Section, 
Forest Products Research Laboratory, 
Princes Risborough, 
Aylesbury, Bucks. 
 Bletchly, J. D., and Fisher, R. C., Nature, 179, 670 (1957). 
* Lawton, E. J., Bellamy, W. D., Hungate, R. E., Bryant, M. P., 


and Hall, E., Tappi (Tech. Assoc. Pulp and Paper Industry 
84, 113A (Dec. 1951); Science, 118, 380 (1951). 


Absence of Lethal Radiation Effects following 
Massive Oral Administration of Plutonium 


Tue International Commission on Radiological 
Protection in its recommendations! assumed that 
radiation damage to the gastrointestinal tract from 
unabsorbed radioisotopes will be the critical factor 
in determining the maximum permissible concentra- 
tion for many of these isotopes. Among the isotopes 
for which the gastrointestinal tract is considered the 
critical organ are a number of alpha-emitters. Since 
it seemed quite conceivable that the radiosensitive 
cells of the gastrointestinal tract might lie beyond 
the range of alpha-particles originating within the 
contents of the tract, experiments were initiated to 
determine the effect on the tract of an orally adminis- 
tered alpha-emitter. 

For these studies plutonium-239 was administered 
to seventy-five rats, by stomach tube, as a hydrated 
polymer suspended in a nitrate solution at pH 2. 
Results obtained from preliminary acute toxicity 
studies within the lethal range are shown in Table 1. 
From these results it can be seen that death did not 


Table 1. ACUTE ——— TO RATS OF PLUTONIUM-239 ADMINISTERED 


NTRAGASTRICALLY 
Dose Mortality Time of death 
(me./kgm.) (deaths/No. injected) (days post-administration) 
56 0/6 (none after six months) 
88 1/4 1 
93 2/4 : 1 
100 2/2 1 
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occur from a dose less than 88 mc./kgm., and that 
all mortalities resulting from plutonium ingestion 
occurred within 24 hr. The time of death has been 
generally accepted as a criterion of the intestinal 
radiation syndrome*, and in the case of rats, such 
deaths occur from four to seven days after irradiation 
with X-rays. Rats surviving the plutonium feedings 
have been observed for at least six months. Blood 
counts and body-weight changes have not varied 
significantly from those of control animals. 

The oral plutonium dose of 88 mc./kgm. which 
resulted in only 25 per cent mortality can be calcu- 
lated to have delivered at the surface of the contents 
of the small intestine a radiation dose of approxim- 
ately 650,000 rem. This calculation is based on the 
same dosimetry assumptions made by the Inter- 
national Commission on Radiological Protection in 
establishing maximum permissible concentrations for 
poorly absorbed alpha-emitters, except that the con- 
stants used for describing the time of passage of the 
radioisotope through the gastrointestinal tract are 
those applicable to the rat* rather than those applic- 
able to humans. Since this very large dose resulted 
in none of the symptoms characteristic of the in- 
testinal radiation syndrome, it may be concluded 
that alpha-radiation originating within the contents 
of the intestine is largely ineffective in causing acute 
damage to the intestinal wall. At least to a qualitative 
degree, this conclusion should also be applicable to 
the situation of chronic exposure. It would therefore 
appear that for all practical purposes of hazard 
evaluation, alpha-emitting radioisotopes contained 
within the gastrointestinal tract may be ignored in 
calculating maximum permissible concentrations. 

In contrast to these results with plutonium-239, 
similar studies involving the oral administration of 
yttrium-91 indicate that beta-particles originating 
within the contents of the gastrointestinal tract are 
approximately as effective as external X-irradiation 
in eliciting all of the symptoms of the intestinal 
radiation syndrome. 

A more detailed account of these experiments will 
be published elsewhere. This work was performed 
under Contract No. W-31-109-Hng-52 for the Atomic 
Energy Commission. We acknowledge the technical 
assistance of Mrs. Alma L. Crosby. 

Mavrice F. SULLIvan 
Roy C. THompson 
Biology Operation, 
Hanford Laboratories, 
General Electric Company, 
Richland, Washington. 
July 26. 


* Recommendations of Int. Comm, Radiol. Protect., Brit. J. Radiol., 
Supp. No. 6, 46 (1955). 

* Quastler, H., Radiation Research, 4, 303 (1956). Bond, V. P., Swift, 
M. N., Allen, A. C., and Fishler, M. C., Amer. J.’ Physiol., 161, 
323 (1956). 

* Thompson, R. C., and Hollis, O. L., U.S. Atomic Energy Comm., 
Hanford Atomic Products Operation, Richland, Washington, 
HW-45546, 27 (1956). 


Uptake of Benzpyrene by a Chromosomal 
Phospholipid 
THE uptake of 3,4-benzpyrene by cells has been 
of interest to many workers, particularly in view of 
the carcinogenic properties of this substance. More- 
over, it is a fluorescent compound and has been used 
as a fluorochrome for lipids into which it will dissolve 
from a hydrotropic solution; caffeine is usually 
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used for dispersing it finely in water, since alone benz- 
pyrene appears to be almost completely hydrophobic. 
Berg? has used this method in a detailed and extensive 
study of the distribution of lipids in a wide range of 
normal and cancerous animal cells and in the root 
tips of Allium cepa. In order that the lipids should 
not be affected by his preparatory procedures, he 
fixed the tissues in formalin which had been stored 
over powdered chalk ; chalk seems to have the same 
effect as calcium chloride, which is frequently added 
with the intention of maintaining a high concentration 
of calcium ions to immobilize lipids?. This method 
of fixation seems to be much favoured by histologists. 
The tissue was sectioned with a freezing microtome, 
and the sections were then stained with benzpyrene. 
After a very careful investigation, Berg was forced 
to conclude that in animal and plant nuclei lipids are 
not present except in the nuclear membrane, and that 
biochemical demonstrations of these compounds in 
extracted nuclei were due to contamination by the 
cytoplasm. Indeed, he found that the nucleus was 
the one region in cells that never showed uptake of 
benzpyrene. 

While studying the histochemistry of lipids in 
meristematic plant cells, we have found that formalin, 
with or without the addition of calcium chloride, 
removes a lipid-protein complex from the roots and 
that afterwards the interphase and mitotic chromo- 
somes contain no apparent lipid. The extracted lipid 
has been precipitated out of the used fixative, 
hydrolysed in alcoholic potassium hydroxide, and 
glycerophosphate has been identified by partition 
chromatography in the hydrolysate. <A similar lipid 
has been obtained from calf thymus fixed in the 
same manner. When the tissues are fixed in Lewit- 
sky’s fluid (equal volumes of 10 per cent formalin 
and 1 per cent chromic acid) or in formalin containing 
ammonium reineckate, no lipid material is demon- 
strable in the fixative and the chromosomes react 
positively with lipid stains. These results have been 
obtained with the roots of Vicia faba, Trillium 
grandifiorum and Scilla campanulata’. 

Thus it seemed likely that in these plant species 
and in calf thymus there was a phospholipid, prob- 
ably associated with the chromosomes‘, which was 
removed by fixing the tissues in formalin but was 
retained after fixation in Lewitsky’s fluid. It was 
thought advisable to see if Berg’s inability to find 
benzpyrene in nuclei could be due to the removal 
of this material by his fixative. Roots of A. cepa 
were chosen, since he had reported that the nuclei 
of these roots did not stain with benzpyrene ; but 
those of V. faba and of 7. grandiflorum were also 
studied because in these two species the phospho- 
lipid which can be extracted by formalin had 
been characterized. In all our experiments, the 
chromosomes in those roots which had been fixed in 
formalin took up little or no benzpyrene, depending 
on the duration of fixation (5 hr.—2 days), whereas 
those which had been treated with Lewitsky’s fluid 
took it up strongly. Care was taken to ensure that 
the fluorescence observed was caused by the benz- 
pyrene and not by the autofluorescence of the tissues, 
which varied with the species and with the fixation 
procedure. 

To confirm that this phospholipid might be the 
cause of the discrepancy between Berg’s results and 
ours, two tests were devised. In the first, pieces of 
calf thymus were immersed in an aqueous ‘solution 
of benzpyrene for three hours and were then 
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thoroughly in water and fixed in formal-calcium. 
The precipitate which was obtained from this used 
fixative showed fluorescence due to benzpyrene. For 
the second test, pieces of calf thymus were fixed in 
formal-calcium, and the precipitate which was 
obtained by shaking the clarified fixative with 
chloroform was subjected to the Folch procedure’, 
which was repeated to ensure complete removal of 
all matter which was soluble in water. The purified 
precipitate was dried on slides and treated with 
the benzpyrene ‘solution’ or with the caffeine solution 
alone; there was uptake of the benzpyrene by this 
material. 

In preliminary studies on animal cells a similar 
situation to that in plant cells has been found, in 
that there is a distinct uptake of benzpyrene by the 
heterochromatic regions of nuclei in mouse liver fixed 
in Lewitsky’s fluid but none in the same tissue fixed 
in formalin. 

It seems likely, therefore, that in all those experi- 
ments in which tissues have been fixed in formalin 
and in some other fluids' there has been loss from 
them of a lipid component which appears to be 
present on the chromosomes and which is capable 
of concentrating benzpyrene from an aqueous 
‘solution’. It is probable that this is the reason why 
Berg! failed to find uptake of this carcinogen by 
nuclei. It should be pointed out, however, that 
although there is some evidence® that this lipid is 
indeed present in life in the heterochromatic regions 
of the interphase nuclei and on all parts of mitotic 
chromosomes, final proof is lacking as yet. 

We wish to thank Prof. J. T. Randall for giving 
us the facilities for this work, and Dr. K. S. Dodds 
for his encouragement. We are grateful to Dr. H. B. 
Fell for her advice and interest during all stages of 
the work. We also thank Dr. P. E. Levers for a 
helpful discussion. A fuller communication on this 
subject will be presented later. 

J. CHAYEN 
L. F. La Cour 
P. B. GaHan 
Wheatstone Physics Laboratory, 
King’s College, 
Strand, 
London, W.C.2, 
and 
Department of Cell Biology, 
John Innes Horticultural Institution, 
Bayfordbury, Herts. 
"Berg, N. O., Acta Path. et Microbiol. Scand., Supp. 90 (1951). 
* Baker, J. R., Quart. J. Micro. Sci., 87, 441 (1946). 
* Pearse, A. G. E., “Histochemistry” (Churchill, London, 1954). 
* Folch, J., Ascoli, I., Lees, M., Meath, J. A., and Le Barron, F. N., 
J. Biol. Chem., 191, 833 (1951). 


‘La mand L. F., Chayen, J., and Gahan, P. B., Exp. Cell Res. (in the 
88). 


Intracellular Incorporation of lron-59 
into the Root Cells of Pisum 

Kesster recently reported! that in the leaves of 
several fruit trees there is an intimate connexion 
between the level of soluble iron and that of deoxy- 
ribonucleic acid. During the past two years we have 
been assembling data which are of immediate rele- 
vance in this connexion. 

We have shown*® that when detached pea roots 
are cultured in an iron-deficient medium growth stops 
a8 & result of an arrest in cell division. The cessation 
of division occurs abruptly, and undoubtedly coincides 
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with a state in which the free inorganic iron content 
of the tissue has been reduced to a level which will 
not support the further duplication of cells. When 
iron is restored to non-dividing deficient roots division 
is immediately reactivated. Moreover, at the time 
when division ceases, the only part of the root appar- 
ently affected by the deficiency is the extreme apical 
meristematic region. At the stage when growth 
ceases, the body of the deficient root is virtually 
indistinguishable metabolically from that of a normal 
root. We have assembled evidence which is com- 
patible with the hypothesis that the failure in division 
is a consequence of a restriction in the synthesis in 
the meristem of a cytochrome oxidase system, 
although the evidence does not exclude the alterna- 
tive interpretation that the restriction in synthesis 
is a result of the arrest in division. 

Since iron affects division, the distribution of the 
metal in the cell becomes a matter of some importance, 
and this has been examined by autoradiography. In 
this series of observations iron-59 has been used. The 
roots of two-day old pea seedlings were immersed 
in a solution containing radioactive iron (0-1 and 
1-0 ue./ml. of iron-59) and they were continuously 
aerated during an uptake period of 10-12 hr. at 25° C. 
After treatment the terminal centimetre was excised 
from each experimental root. The isolated tips were 
washed, treated with appropriate fixatives and 
sectioned after embedding in paraffin wax. After 
washing, following removal of the paraffin, the sections 
were covered with Kodak A.R.10 fine grain stripping 
film and autoradiographs prepared by the method 
of Doniach and Pelc*. After exposure for 10-30 days 
in a refrigerator the autoradiographs were developed 
and the sections stained with a Leishmann—Giemsa 
mixture. 

Fig. 1 shows a photomicrograph of a longitudinal 
section of a pea root supplied with iron-59 at a 
concentration of 0-1 »c./ml. and treated with Zirkle’s 
fixative‘. It will be seen that the greatest aggregations 
of developed silver grains are over the nuclei, and 
it is clear that in the final preparation the relative 
concentration of iron in the nucleus is greater than 
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it is in the cytoplasm. Similar results were obtained 
when absolute alcohol or a formalin calcium chloride 
mixture was used as the fixative but not when 
acetic-alcohol was used or when preparations made 
after neutral fixation were treated with 1-0 N hydro- 
chloric acid. The possibility was explored that the 
accumulation of iron in the nucleus was a consequence 
of fixation. In one series of experiments the radio- 
active iron was supplied with the fixative, but this 
did not yield localization in the nucleus, and the 
possibility that the distribution shown in Fig. 1 is 
an artefact may, therefore, be disregarded. 

Similar results to those described above have been 
reported by Poulson and Bowen’, who found that 
iron-59 is preferentially incorporated into the nuclei of 
Drosophila and that it is not dislodged by neutral 
formalin alcohol mixtures or by fat solvents like 
dioxane. Kirby* also showed that the deoxyribonucleic 
acid isolated from rat liver nuclei carried a higher 
concentration of iron and manganese than did the 
whole liver. 

It may be emphasized that the technique used here 
does not show the distribution of iron in the cells 
of intact tissues. In particular, the free soluble iron 
is undoubtedly dispersed by the preparative pro- 
cedures. The results of this and other investigations, 
however, do show that iron is normally present in 
the nucleus in a form of combination which is not 
disrupted by neutral fixation. Thus, it is probable 
that certain nuclear components cannot be elaborated 
in the absence of iron, and this is at least consistent 
with the conclusion based on independent evidence 
that iron is essential for the progress of cell division. 
The results of Kessler! suggest that the promotion 
of division may be the effect of an influence of iron 
in the synthesis of deoxyribonucleic acid or in pro- 
moting the combination of this compound with other 
components of the nucleus. The second possibility 
is suggested by a conclusion reached by Kirby, who, 
in a preliminary note, states that heavy metals like 
iron, manganese and zinc may promote the linkage 
of deoxyribose nucleic acid with protein. 

J. V. PosstncHam* 
R. Brown 
Agricultural Research Council 
Unit of Plant Cell Physiology, 
Department of Agriculture, 
Oxford. 

* Permanent address: C.S.1.R.0. Division of Plant Industry, 

Canberra, A.C.T., Australia. 

1 Kessler, B., Nature, 179, 1015 (1957). 

* Brown, R.,and Possingham, J. V., Proc. Roy. Soc., B (in the press). 

* Doniach, J., and Pelc, S. R., Brit. J. Radiol., 23, 184 (1950). 

‘ Zirkle, C., Bot. Gaz., 88, 186 (1929). 

* Poulson, D. G., and Bowen, V. T., Exp. Cell Res., Supp. (2), 161 
(1952). 

* Kirby, K, 8., Biochem. J., 62, 31P (1956). 


Secretion of Heparin by Mast Cells 


Tue granula of mast cells are known to contain 
mucopolysaccharide heparin’. It is active in the 
mechanism of the coagulation of blood and, more- 
over, according to more recent research, participates 
in the clearing of lipemic serum as a component of 
the clearing factor*. The mechanism of liberation of 
heparin ‘rom the granula of mast cells was hitherto 
unknown. Degranulation of mast cells is not followed 
by disturbances in blood coagulation, even if it is 
extensive**, 
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The liberation of heparin from the mast cells of 
rats was stimulated by intravenous injections of oil 
emulsion (Ol. olivae steril., 20-0 gm. ; mucini e lini, 
1-0 gm.; merthiolati, 0-01 gm.; aquz redest. ad., 
100-0 ml.) amounting to 2 ml./150 gm. weight. The 
control series of rats was treated in the same way 
with the exception of olive oil in the solution injected. 
To trace the level of all the serum lipids a modified 
thymol! reaction at pH 4-2 was employed®. The 
results obtained by Moeller et al.* show that an oil 
emulsion administered in this way produces the 
clearing factor. Mast cells were examined in prepara- 
tions of mesenteries which were carefully stretched 
on the slide, fixed with methanol and stained with 
an alcohol solution of toluidine blue’. 

An increase of the total lipids of the serum was 
observed within 4 hr. after the injection. 8 hr. later, 
the level was again normal. Characteristic were the 
changes in the mast cells of mesenteries in the 
lipsemic phase. The cytoplasm of the mast cells was 
condensed and the granula densely accumulated. 
Their stainability was equal. Some of the mast cells 
had pseudopodia-like protuberances with densely 
accumulated granula, gradually separating from the 
cytoplasm of the mast cell. Less frequent was the 
secretion of single granula. Free conglomerates of 
granula were afterwards phagocytosed by macro- 
phages. The metachromatic substance, that is, 
heparin, was liberated from the mast cells and also 
from the macrophages by the lysis of granula. In the 
course of the lysis the granula of mast cells dis- 
appeared. The liberated metachromatic substance 
filled the cytoplasm of the mast cell or even the 
macrophage in the form of amorphous material, 
which again was diffusing through the cell membrane 
into the neighbouring regions. It seems that the 
observed lysis of granula is in fact a proteolysis. 
It produces a splitting of the protein component 
of granula, demonstrated in vitro by Zollinger*®, and 
thus also releases heparin in an amorphous form. 
In this connexion, we would refer to the experiments 
of Ungar and Damgaard® demonstrating the correla- 
tion between proteolysis and the liberation of heparin 
in anaphylactic and anaphylactoid reactions in tissue 
sections in vitro. Lysis was observed even in the 
mast cells of fat tissue. In this case there was an 
accumulation of metachromatic material between the 








Fig. 1. Lysis of granula in the cytoplasm of a mast cell 30 we 

after intravenous injection of oil emulsion. Cytoplasm is fillec 

with aggregates of amorphous metachromatic substance. Stained 
with toluidine blue. (x 1,306) 
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membranes of the neighbouring adipose cells. After 
lysis in the mast cells and the elimination of their 
metachromatic material a new granulation was 
formed. The cytoplasm then contained tiny, thinly 
dispersed, nearly orthochromatically stained granula. 
After the lipemic phase and similarly in the mesen- 
teries of those rats to which the control solution was 
administered the results were negative. 

From these observations we may conclude that 
experimental lipemia resulted in the secretion of 
conglomerates of granula and in their subsequent 
phagocytosis, and further in a lysis of granula in 
mast cells and macrophages. The lysis caused the 
destruction of the protein component of the granula 
and the liberation of amorphous metachromatic 
material, that is, heparin, from the cell into its 
neighbourhood. 

I have to thank Dr. L. Sobotka for preparing the 
emulsion and Dr. M. Pospi&il for determining the 
lipids in the serum. 

M. Hi. 

Department of Histology and Embryology, 

Faculty of Medicine, 

University of Brno. 
‘ Jorpes, J. K., ‘Heparin’ (2nd edit., Oxford Univ. Press, 1946). 
* Korn, K. D., J. Biol. Chem., 215, 1, 15 (1955). 
* Keller, R., and Burkard, W., Helv. Physiol. Acta, 14, 289 (1956), 
‘ Bloom, F., Proc. Soc. Exp. Biol. Med., 79, 651 (1952). 
> Pospfil, M., and Sl4ma, J., Vniirnt lék., 1, 360 (1955). 
* Moeller, H. C., Bernstein, L. M., Palm, L., and Grossman, M. I., 

J. Lab, Clin. Med., 47, 270 (1956). 

’ 7 and Windrum, G. M., J. Histochem. Cytochem., 3, 227 
+ Zollinger, H. U., Eaperientia, 6, 384 (1950). 
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Acriflavine as an Effective Agent for 
eliminating F-factor in Escherichia coli K-12 


Tue artificial elimination of F-factor in Escherichia 
coli K-12 was obtained by treating F+ cells in a 
cobalt- or nickel-containing medium}. Of the two 
methods described in that communication, the direct 
method was difficult to apply to some strains derived 
from K-12, because the facility of conversion of F + 
cells to F— cells varied with the strains used. On 
the other hand, the resistant-isolation method con- 
sistently gave F'— cells, but was somewhat tedious, 
because the development of resistance to cobalt or 
nickel was very slow. Recently, however, it has been 
found that acriflavine is more effective for converting 
F + cells into F — than cobalt or nickel and other 
metals (Ikoma, I., unpublished work). 

An overnight culture of F + cells is inoculated into 
a nutrient broth containing ‘Kyokuto’ broth 10 gm., 
‘Kyokuto’ peptone 10 gm., sodium chloride 2 gm., 
and distilled water 1 litre or ‘Difco’ broth 10 gm., 
‘Difco’ peptone 10 gm., and distilled water 1 litre, 
with a sublethal concentration of acriflavine (20 ugm./ 
ml.) and incubated overnight at 37°C. The experi- 
mental culture contained about 1-3 x 10? cells/ml. 
and the control culture contained about 1 x 10° 
cells/ml. The cells were streaked on to the nutrient 
agar plate and well-isolated colonies grown on it 
were picked up one by one. Then, their compati- 
bilities* were tested by crossing with Y-70F + and 
Y-70F —, respectively. In this way, it was found that 
the majority of colonies exposed to acriflavine were 
fertile with Y-70F +, but infertile with Y-70F -, 
although untreated control cells were fertile with 
both strains (Table 1). 
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Table 1. EFFICIENCY OF ARTIFICIAL ELIMINATION WITH ACRIFLAVINE 
Concentration of acriflavine 


Strains (20 ugm./ml.) None (control) 
Y-40 40/40* 0/40 
58-161 20/20 1/20 
1023 6/10 0/10 
AM 10/10 0/10 
K-12t 10/10 0/10 


* F— colonies found/total number of colonies tested. 
+ K-12 F— strains isolated by this method were infertile with 
Y-70F + in SRP method (ref. 3). This was an unexpected result. 


Table 1 shows that acriflavine is very effective 
as an F’-eliminating agent. In fact, even the strains 
which were very stable to the metal treatment were 
found to be easily converted into F'— cells by this 
method. The efficiency of conversion, however, was 
reduced when minimal medium (glucose—Simmon’s 
medium) containing a sublethal concentration of 
acriflavine (5 ygm./ml.) was employed. 

In the course of these experiments, some ‘com- 
patibility mutants’ were obtained. 

(1) Intermediate strains. Intermediate strains (F7%) 
were obtained in selecting resistant cells to cobalt, 
nickel and other metals*?, and by treating f+ cells 
with acriflavine for a short time (for example, 
Y-40/' + strain was treated in the broth containing 
20 ugm./ml. acriflavine for 5-10 hr. at 37° C.). Fi was 
fertile with both F— and F +, but its fertility in 
the cross / — x Fi was lower than that in the cross 
F+ x Fi. Thus, Fi can be distinguished from both 
F+ and F— by its recombination behaviour. Fi 
strains were obtained from the various strains of 
K-12, such as Y-70F +, 58-161F+, Y-40F+ and 
AMF+. Table 2 shows an example. 


Table 2. FERTILITIES OF Y-40F+, F— and Fi 


Parents Y-40F + Y-40Fi Y-40F — 
Y-70F + + ++ ++ 
Y-70F — ++ + ~ 


++, Very fertile; +, fertile; —, sterile 


Fi was not the mixture of F+ and F— cells, 
since by the method of repeated isolations of a single 
colony, no evidence was found of a mixture of F + 
and F'— colonies, and each colony of these isolates 
showed the same behaviour as its parent Fi. How- 
ever, a few isolates showed the fertility of F+, 
suggesting a ‘spontaneous reversion of Fi to F+. 
The change from F + to /— should involve a series 
of intermediate stages of #7. Therefore, the F status 
of Fi shown in Table 2 is between f+ and F— as 
regards mating behaviour. The simplest explanation 
for the F% state is that it may be due to a diminished 
number of F particles through the action of acri- 
flavine, as in the case of yeast*. 

(2) Hfr— strains. Hfr— strains were obtained 
from Hfr (Hayes’s strain) by three successive transfers 
in the nutrient broth containing 20 yugm./ml. of 
acriflavine or by the procedure of the resistant- 
isolation method! after forty transfers in the cobalt- 
containing medium. Hfr— resembles F— in its 
recombination behaviour in both fertility and com- 
patibility ; thus it is fertile with F+ (about 10-’) 
and infertile with F—. Moreover, when isolating 
Hfr —, a special strain Hfr-i resembling F + in both 
fertility and compatibility was obtained. The differ- 
ences between Hfr— and F—, or Hfr-i and F+, 
are now under investigation. 

One explanation for these phenomena is that F 
may be cytoplasmic particles or virus-like agents 
which are perhaps controlled by a gene or genes in 
the nucleus. F particles may play a part in chromo- 
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some transfer at a certain stage of its life-cycle, and 
the more F' particles are present in a cell, the more 
donor characteristics are shown in it, while the less 
F particles are present in a cell, the more recipient 
characteristics are expressed in it. It may be assumed 
that the relation between F particles and the mating 
behaviour of the host cell is analogous to that between 
kappa particles and the killer character in Para- 
mecium®. Lederberg has also suggested in his recent 
review® that the production of F — from F + by the 
soft-agar passage is analogous to the loss of kappa 
from a rapidly grown clone of Paramecium. 

We thank Prof. H. Kikkawa and Prof. 8S. Inoki 
for advice and criticism during the course of work. 


Yuxrnori Hirota 
Te Itjmma 
Department of Genetics, 
Faculty of Medicine, 
Osaka University, 
Osaka, Japan. 


' Hirota, Y., Nature, 178, 92 (1956). 

* Lederberg, J., Cavalli, L. L., and Lederberg, E. M., Genetics, 37, 
720 (1952), 

* Lederberg, J., Science, 114, 68 (1951). 

* Ephrussi, B., Cold Spring Harbor Symp. Quant. Biol., 16, 75 (1951). 

* Beale, G. H., ““The Genetics of Paramecium aurelia” (Camb. Univ. 
Press, 1954). 

* Lederberg, J., and Lederberg, E. M., “Cellular Mechanism in Differ- 
entiation and Growth” (Princeton Univ. Press, 1956). 


Variation in the Time of Release of the 
Ovarian Development Hormone in Aédes 


aegypti 


EvipenceE for the release of an ovarian develop- 
ment hormone during a critical period following a 
blood meal has been derived from ligation and 
decapitation experiments in both anopheline':*? and 
culicine* mosquitoes. In Aédes (Stegomyia) aegypti (L.) 
development of the ovaries beyond the resting-stage 
(stage 2)* consists of a two-step process of initiation 
and promotion*. Development up to stage 3 is 
initiated in some way within minutes of taking a 
blood meal; but promotion of the oocytes from 
stage 3 to maturity (stage 5) must, apparently, await 
the release of a hormone, which at 28°C. occurs 
during a critical period 8-14 hr. later. 

Little is known about the actual duration of the 
critical period in each mosquito. In the previous 
work® it usually occurred within these time limits, 
but varied from mosquito to mosquito ; few of those 
decapitated at less than 8 hr. after a blood meal 
developed the oocytes to maturity, whereas most of 
those decapitated at 14 hr. or more did so. Between 
these extremes there was an increasing but variable 
number of mosquitoes which developed their oocytes 
to maturity. 
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In the work referred to above the mosquitoes were 
isolated in tubes as ‘dry’ pupw* and the emerging 
adults were maintained on moist raisins before being 
given their first blood meal. Work now in progress, 
however, indicates that previous fruit-feeding delays 
the onset of the critical period. 

Daily lots of twenty-four ‘dry’ pup of a strain 
of A. aegypti originating from Lagos, Nigeria, were 
isolated and divided into two groups, A and B. On 
emergence (day 0) raisins were given to the adults 
of group A for a period of 2 hr., but were withheld 
from those of group B. A trace of fruit juice was still 
visible in the ventral diverticulum.’ of the mosquitoes 
of group A on day 2, when both groups were given 
a blood meal and kept at 28°C. Four mosquitoes 
from each group were then decapitated every 20 min. 
up to 14 hr. after the blood meal. An extra number 
of group A mosquitoes were later added in order to 
allow the situation in this group to be followed up 
to 16 hr. As previous (unpublished) work on this 
species had shown that decapitated mosquitoes do 
not lay the eggs which they may have developed 
(even if previously mated), both groups were dissected 
on day 4 to see what proportion contained mature 
oocytes. Survival in the fruit-starved group was not 
so good as in the other, but mosquitoes of either group 
dying prematurely were excluded from consideration. 
The results, grouped on a 2-hr. basis, are shown in 
Table 1. None of the 173 negatives had developed 
their oocytes beyond stage 3. 

These results, which were obtained from larger 
numbers than those in the previous experiments’, 
indicate that the critical period in fruit-fed mos- 
quitoes occurs mainly between 6 and 12 hr. after 
the blood meal. The critical period, however, in the 
fruit-starved mosquitoes, reared and blood-fed at the 
same time and at the same age as the fruit-fed 
mosquitoes, occurs mainly between 4 and 8 hr. after 
the blood meal. This delay and increased variation 
in the time of hormone release in the fruit-fed 
mosquitoes is the type of result which might follow 
if the filling of the diverticula with fruit juice by an 
uncontrolled and variable amount interferes with 
subsequent release of the ovarian development 
hormone. 

It seems possible that the ovarian development 
hormone is normally released in response to stretching 
of the abdomen or the stomach with blood. Partial 
distension of the abdomen by filling of the diverticula 
with fruit juice. may perhaps lead to premature 
release of the hormone and to its dissipation before 
the blood meal is taken ; or distension of the ventral 
diverticulum may limit the amount of blood that can 
be taken into the stomach, and so affect a quantitative 
relation that may exist between the degree of stretch- 
ing of the stomach and the time of hormone release. 
It is possible, however, that the presence of fruit 






































Table 1. THe PROPORTION OF FRUIT-FED AND FRUIT-STARVED FRMALE A. aegypti DEVELOPING MATURE OOCYTES AFTER DECAPITATION AT 
VARYING INTERVALS AFTER A BLOOD MEAL 
| Interval in hr. be- | | oe 
tween blood meal | > 0 to 2 >2to4 | >4to6 > 6 to 8 > 8 to 10 > 10 to 12 > 12 to 14 > 14 to 16 | 
and decapitation | re 
Group A 0/24 0/24 3°/24 10/24 11/24 17/24 22/24 22/24 ' 
(fruit-fed) 0 per cent 0 per cent 13 per cent 42 per cent 46 per cent 71 per cent 92 per cent 92 per oad 
| Group B 0/24 2t/24 12/24 19/24 22/24 23/24 24/24 
(fruit-s*aryed) 0 per cent 8 per cent 50 per cent 79 per cent 92 per cent 96 per cent | 100 per cent 
ie ee 











*1 decapitated at 5 hr. 
+ 1 decapitated at 3 hr. 


; 2 decapitated at 5 hr. 40 min. 
; 1 decapitated at 3 hr. 20 min. 
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juice or its derivatives acts in a more indirect way ; 
it may be mentioned that transmission of kala azar 
by the blood-sucking sand fly Phlebotomus argentipes 
Annandale and Brunetti is influenced by fruit feeding*. 

The implications of these findings are now being 
studied. In the meantime it is clear that much more 
consistent results are obtained when this uncon- 
trolled variable is removed. Other work has failed 
to produce evidence for an ovarian development 
hormone in A. aegypti*, but it is not known how far 
this failure may have been due to differences in 
technique. 

J. D. GriLettr 


East African Virus Research Institute, 
Entebbe, Uganda. 
May 4. 
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Hemagglutinins in Calpurnia aurea 


AGGLUTININS acting strongly on suspensions of 
human group A and B erythrocytes in isotonic 
saline, and weakly or not at all on those of group O, 
are present in the seeds of Sophora japonica’, Coronilla 
varia, Crotalaria striata*®, and in recently harvested 
samples of Bandeiraea simplicifolia*. The agglutinins 
of Sophora japonica, Coronilla varia and Bandeiraea 
simplicifolia act more powerfully, and to much higher 
titres, on B cells than on A cells; the reverse being 
true of those of Crotalaria striata. 

During an investigation of agglutinins in plants 
available in Britain, another source of anti-(A +B) 
agglutinins was found in the seeds of Calpurnia aurea 
(butterfly bush or South African laburnum). The 
agglutination titres of crude isotonic saline extracts 
of these seeds (1 vol. seed material : 10 vol. saline) 
for saline suspensions of human erythrocytes are : 
A,, 256; A,, 32; B, 128; O, nil. Their general 
serological properties are similar to those of the 
agglutinins previously described. A single agglutinin 
1s present, which can be absorbed by either A or B 
erythrocytes and eluted therefrom, the eluates having 
the same properties as the original extract. Treat- 
ment with A or B blood group specific substance, 
or with the simple sugars N-acetylgalactosamine and 
D-galactose, which are structurally related to the 
A and B substances respectively‘, inhibits activity 
with both A and B cells. 1-fucose, N-acetyl- 
glucosamine and t-galactose do not inhibit when 
tested in similar concentrations. Unlike those 
previously described, the agglutinins are almost 
equally active with A, and B cells; O cells are not 
agglutinated when kept at 0° C. overnight or when 
Suspended in albumin. Papainized O cells, however, 
are weakly agglutinated. 

It appears that these agglutinins are better adapted 
to the chemical configuration common to the human 
blood group antigens A and B than any previously 
obtained from seeds; that is, they provide 
the hitherto closest approximation to the ‘cross- 
ca or ‘anti-C’ agglutinins of certain human 
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Full serological details, and a discussion of the 
possible value of these agglutinins in routine blood 
grouping and blood group research, will be presented 
elsewhere. 

G. W. G. Brrp 

Lister Institute, 

London, 8.W.1. 

May 1. 
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An Investigation of an Action of 
Penicillin 


Previous work! has suggested that amiphenazole 
(2 : 4-diamino-5-phenylthiazole hydrochloride, ‘Dap- 
tazole’, ‘DHA 245’) may enter, after a period of 
delay (1-3 weeks), into the thiamine metabolism of 
weanling rats maintained on a thiamine-free diet. 

The expectation that penicillin, which is a 2:4:5 
trisubstituted thiazolidine derivative, might likewise 
influence biological processes requiring thiamine, 
was assessed by its ability to support the growth, in 
the absence of thiamine or its thiazole moiety 
(4-methyl-5-hydroxyethyl-thiazole), of the mould 
Phycomyces blakesleeanus* and the weanling rat 
(40-50 gm.)?. 

Table 1 indicates that the presence of penicillin, 
thiamine or its thiazole moiety was essential for the 
growth of the mould during a 14-day period at 20° C. 
on an artificial medium’ containing the pyrimidine 
moiety of thiamine (2-methyl-4-amino-5-ethoxy- 
methyl pyrimidine). 

Penicillin can therefore replace the thiazole moiety 
of thiamine as a growth factor for the mould. 


Table 1. EFFECT OF PENICILLIN ON THE GROWTH OF Phycomyces 
blakesleeanus 





Basal medium? plus Degree of growth (20° C.) 
after 14 days 





No added factor — 
Pyr (4 x 10-* M) _ 


Th 
(4x 10-°M) + (4 x 10°°M) ++ 
iamine 
(4 x 10-* M) ++ 
3 Pen 
(4 x 10-7 M) + (4 x 10-* M) ++ 














— signifies no growth 
++ signifies growth with aerial hyphe 
= 2-Methyl-4-amino-5-ethoxymethyl pyrimidine 
= 4-Methyl-5-hydroxyethyl-thiazole 
Pen = Crystalline sodium benzylpenicillin 


The concentrations of penicillin and the thiazole 
moiety of thiamine or thiamine required to give a 
comparable weight of mycelium were in the ratio of 
100,000 to 1. 

Further, penicillin (4 x 10-4 M) supplemented a 
suboptimal concentration of the thiazole moiety of 
thiamine (4 x 10-*° M) to give an increased mycelial 
weight. 

Table 2 illustrates the beneficial effect of intra- 
peritoneal administration of penicillin, either alone 
or with the pyrimidine moiety of thiamine, on wean- 
ling rats maintained on a thiamine-free diet‘. It 
both delayed the onset of thiamine deficiency and 
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Table 2. Errgcor OF PENICILLIN ON THE GROWTH OF THE THIAMINE- 
DEFICIENT Rat 
All rats maintained on a thiamine-free diet. Twelve animals in each 
group. All drugs given intraperitoneally 


| l Nl 





| Reversing drugs 
| (mgm./kgm.) 




















| Drugs admin- | 
istered | Onset of ' 
Group | (mgm./kgm.) | thiamine Single 
thrice daily deficiency Thrice daily | dose | 
| Pen Pyr symptoms; Pen Pen Pyr | thiamine 

} (2 mgm.) | 
wi | Conia } 
1 - eas SS A Se Bee ~ gen | 
2 _ — 2-3 weeks] 80 — | — + 
3 | 4 10 >9 weeks | — 40 10 + | 

4 | 20 5 | >9weeks| — | 20 5 | + 
5S |; @ ft — | >7 weeks} — | — i + | 











Pyr = 2-Methyl-4-amino-5-ethoxymethyl pyrimidine 
Pen = Crystalline sodium benzylpenicillin 


reversed the symptoms of thiamine avitaminosis 
induced by withdrawal of treatment. Deficiency 
induced by withdrawal of penicillin treatment was 
reversed by a single dose of thiamine (2 mgm.). 

Further, thrice-daily intraperitoneal administration 
of penicillin (80-240 mgm./kgm.) terminated pre- 
mortal convulsions of severe thiamine deficiency and 
effected recovery in several such animals. 

The gain in weight over seven days of a group of 
thiamine-deficient rats (group 2) receiving penicillin 
(80 mgm./kgm. thrice daily), compared with that 
following the single dose of thiamine (2 mgm.), 
suggests a conversion of penicillin into thiamine or a 
beneficial thiamine analogue of the order of 1 per 
cent. 

The possibility that the growth-promoting effect 
of penicillin may be due to its contamination with 
thiamine or its thiazole moiety was excluded by the 
results of photofluorometric, chromatographic and 
ultra-violet spectrophotometric analysis. The 
thiamine content of the penicillin used was less than 
2 mugm./gm., that is, less than 1/1,000 that required 
to produce the weight of mould and less than 
1/50,000 that required to support the growth of 
rats’ under the experimental conditions. . 

These results, and the fact that Staphylococcus 
aureus, like Phycomyces blakesleeanus, is dependent 
on thiamine or its thiazole and pyrimidine moieties*® 
have suggested that penicillin resistance of Staphylo- 
coccus aureus may be associated with a change of 
the thiamine metabolic pattern of the organism to 
one more closely resembling that of Phycomyces 
blakeslecanus. This hypothesis is at present under 
investigation. 

We thank the staff of the Antibiotics Section of the 
Commonwealth Serum Laboratories (Melbourne) for 
the chromatographic and ultra-violet spectrophoto- 
metric analyses. 

A. SHULMAN 

Department of Physiology, 

University of Melbourne. 


Kraft Foods, Ltd., 
Victoria, Australia. 
April 30. 
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identification and Distribution of 

5-Hydroxytryptamine in a Sea Anemone 

5-HyDROXYTRYPTAMINE is widely distributed in 
Nature and has been found in members of different 
groups, including vertebrates, molluscs and tunicates'. 
It has also been detected in the venoms of Arthropoda, 
for example, wasps* and scorpions*. In plants, it has 
so far been identified in the dicotyledons cowhage* 
and nettle’. In the present experiments we have 
identified 5-hydroxytryptamine in the tentacles, 
column (body wall), and in the structures of the 
ccelenteron (comprising mesenteries, gastric filaments, 
gonads, acontia, etc.) of the sea anemone Calliactis 
parasitica. The coelenteric structures contained by 
far the highest concentration and the tentacles the 
least. In experiments on two different batches of 
Calliactis parasitica, the 5-hydroxytryptamine con- 
tent of the ccelenteric tissues was 500 and 600 ugm. 
gm. freeze-dried tissue, whereas the tentacles of the 
same animals contained 7 and 6 ugm./gm. respectively 
(Table 1). 




















Table 1. AMOUNTS OF 5-HYDROXYTRYPTAMINE IN SEA ANEMONE 
Calliactis parasitica 
5-Hydroxytryptamine | 
Pre (ugm./gm, freeze-dried tissue) 
| para- | No. of Test - 
| tion | animals ; Tentacle | Column_ | Coelenteric | 
| (body wall) | tissues 
I | 5 | Rat uterus | 10 — — 
Il 9 Rat uterus 12 30 —_ 
II 9 | Guinea pig | 
ileum 8 25 — 
m | 7 |Ratuterus} 6 36 600 
Vj 4. | Rat uterus | 7 15 500 





The identity of 5-hydroxytryptamine in the tissue 
extracts of Calliactis parasitica was_ established 
pharmacologically by their actions on the isolated 
rat uterus and guinea pig ileum. The effects on the 
rat uterus were completely antagonized by lysergic 
acid diethylamide. The active material was chemic- 
ally indistinguishable from 5-hydroxytryptamine by 
its Rr values on paper chromatograms developed in 
butanol/acetic acid’ or in tsopropanol/hydrochloric 
acid® solvents. It was identical in its ultra-violet 
absorption, in its colour reactions with ninhydrin, 
Ehrlich’s reagent, Pauly’s reagent, and in the green 
fluorescence reaction described by Jepson and 
Stevens®. Also, its ultra-violet absorption spectra 
at various pH values agreed closely with those 
reported by Rapport’ for 5-hydroxytryptamine. 

In a recent study of ccelenterate toxins, We 
stated that the tentacles of the sea anemone, Metri- 
dium senile, contained a substance resembling 
5-hydroxytryptamine in its pharmacological pro- 
perties, and that extracts of the body-wall contained 
much less of this activity. We have studied Metridium 
senile, and also Anemonia sulcata, but found that 
5-hydroxytryptamine was either completely absent 
from their tissues or present in amounts too small 
to permit a definite identification. Heated, acidified 
extracts of Anemonia and Metridium did contain 4 
smooth-muscle stimulant, the action of which on the 
rat uterus, however, was not antagonized by lysergic 
acid diethylamide. The amount of active material in 
these tissues, moreover, was very small when ex: 
pressed as equivalent 5-hydroxytryptamine activity, 
varying from less than 0-5 to 2-0 ugm./gm. freeze- 
dried tissue. We were also unable to identify 
5-hydroxytryptamine by paper chromatography of 
alcohol extracts from these two species. 
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The high concentration of 5-hydroxytryptamine 
in the tissues of the ccelenteric cavity of Calliactis 
parasitica is in contrast with its absence in the related 
species of anemones. A similar situation exists in 
Octopoda, where the salivary gland of Octopus 
vulgaris contains approximately 500 ugm./gm. 5- 
hydroxytryptamine, whereas that of Octopus macropus 
contains none. It is also of interest, in view of the 
presence of 5-hydroxytryptamine in various animal 
venoms, that the tentacles of Calliactis, which are 
organs involved in the trapping and paralysis of 
prey, contained the lowest concentration of the 
tissues studied. It is extremely difficult, therefore, 
to draw conclusions about any general biological 
significance of 5-hydroxytryptamine from what is 
known at present of its seemingly haphazard distribu- 
tion in Nature. 

A. P. Marutas 

Department of Biochemistry, 

D. M. Ross 
Department of Zoology, 
M. ScHACHTER 
Department of Physiology, 
University College, 
Gower Street, 
London, W.C.1. 
May 8. 
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Vitamin B);2 and the Metabolism of 
Pyridine Nucleotides 


Uncourttne of oxidative phosphorylation in 
mitochondria from steatotic livers! and in experi- 
mental thyrotoxicosis? is known to be accompanied, 
among other changes, by a decrease in liver pyridine 
nucleotides which are of major importance in phos- 
phate uptake during electron transport to molecular 
oxygen*. The pronounced lowering of liver and its 
mitochondrial vitamin B,, in hyperthyroidism‘ as 
well as in carbon tetrachloride injury (unpublished re- 
sults), together with the observed protection by the 
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Table 2. PYRIDINE NUCLEOTIDES IN EXPERIMENTAL LIVER INJURY 








! 
Hr. after PN PN + PNH 
CCl, ugm/gm, fresh weight | PN/PNH 
injection of liver 
Untreated control -- 667 + 23 881 + 21 3-11 
CCl, injected 6 362 +11] 595 + 21 1-55 
48 166 + 24 278 + 15 1-48 
Vitamin B,,-pro- 6 489 + 21 712 + 28 2-30 
tected and CCl,- 48 387 +1 550 + 15 2°37 
injected 























PN, oxidized pyridine nucleotides; PNH, reduced pyridine nucleotides. 


Adult male rats, 150 gm. weight, fed on the laboratory stock diet 
(ref. 5) were killed 6 and 48 hr. after intraperitoneal administration 
of 0-3 c.c. each of CCl,. Vitamin B,.-protected animals received 
intraperitoneally 10 ugm. each of the vitamin 3 hr. prior to CCl, 
injection. Results are averages for four animals in each case. 


vitamin against both these stress conditions*:*, would 
point to a function for the vitamin in the maintenance 
of tissue-levels of pyridine nucleotides. This has now 
been ascertained by following the effect in mice of 
simple vitamin B,, deficiency induced by feeding on 
a high vegetable protein diet* on the extent of in- 
corporation in vivo of administered nicotinamide into 
liver pyridine nucleotides in a manner similar to that 
studied by Kaplan et al.’, and the changes in liver 
pyridine nucleotides, 6 and 48 hr. after carbon 
tetrachloride injection to adult rats as described 
before’, without and with vitamin B,, protection. 
Total and oxidized pyridine nucleotides were de- 
termined fluorimetrically by the procedure outlined 
by Dianzani'. 

It may be seen (Table 1) that the incorporation of 
nicotinamide into liver pyridine nucleotides, which 
reaches @ maximum level in 8 hr.’, is less in vita- 
min B,, deficiency, which is also shown by a decrease 
in the proportion of the oxidized to the reduced 
pyridine nucleotides. A similar effect due to the 
vitamin is also observable in the experiments on 
protection against carbon tetrachloride toxicity 
(Table 2); it is of interest to note that even though 
maximum accumulation of liver lipids occurs only 
after 48 hr. of carbon tetrachloride injection, basic 
and predisposing metabolic derangements such as 
reduction in glutathione levels’ and altered pyridine 
nucleotide ratios become manifest even after 6 hr. 

A decrease in pyridino-protein-linked oxidations® 
and an increase in the proportion of reduced pyridine 
nucleotides in fatty livers! has been noted by others. 
This condition may be expected to provoke predom- 
ination of fatty acid synthesis as compared to break- 
down. It has been suggested that vitamin B,, may 
be necessary for the synthesis of the porphyrin- 
containing proteins of the cell’® which, apart from 


Table 1. VITAMIN B,, DEFICIENCY AND SYNTHESIS in vivo OF PYRIDINE NUCLEOTIDES 














Vitamin B,, deficient Vitamin B,, fed 
Hours after 
nicotinamide PN PN + PNH PN/PNH PN PN + PNH PN/PNH 
; injection ugm./gm, fresh wt. of liver ugm./gm. fresh wt. of liver 
} 0 219 + 20 357 + 10 1-58 387 + 15 525 + 14 2°78 
4 1,088 + 21 1,369 + 22 3-78 1,359 + 20 * 1,613 + 24 4-98 
8 1,476 + 26 1,773 + 21 4:96 1,749 + 19 2,086 + 25 5-18 
16 685 + 25 1,294 + 24 2-57 1,087 + 21 1,357 + 28 4-02 
24 293 + 20 585 + 19 1-68 447 + 10 607 + 19 2-91 

















PN, oxidized pyridine nucleotides ; PNH, reduced pyridine nucleotides. 
Adult young male mice, 30 gm. weight, were reared on a vegetable protein diet consisting of (in percentages): defatted peanut meal, 46 ; 


chia Starch, 46; salts [V (U.S.P.),2; sesame oil (containing 1,000 I.U. vitamin A and 50 mgm : 
oride, 0-2"; and vitamin mixture in sucrose, 1. The vitamin supplements provided (in mgm./kgm. of diet): thiamine hydrogen 


. a-tocopherol/gm.), 4-5; cystine, 0-3; choline 
chloride, 5; 


riboflavin, 5; niacinamide, 10; calcium pantothenate, 20; pyridoxine hydrogen chloride, 2-5; biotin, 0-1; inositol, 100; folic acid, 0-2; 
— vitamin K, 10. Control animals were fed the same diet with 200 ugm. vitamin B,./kgm. of diet. The animals were used at the end of 
> weeks when livers from the deficient and control mice analysed respectively to 55 and 216 mugm./gm. fresh weight of vitamin B,, as assayed 

Euglena gracilis (ref. 8). Nicotinamide (20 mgm./mouse) was given intraperitoneally and the animals killed at the stated intervals for 


determinations of liver PN and PN + PNH. Results are averages for four independent samples. 
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their function as respiratory carriers, are apparently 
also of importance in determining mitochondrial 
morphology"! necessary for oxidative phosphoryla- 
tion’ and hence for pyridino-nucleotide metabolism. 
G. B. NapKARNI 
D. S. Wace 
A. SREENIVASAN 
Department of Chemical Technology, 
University of Bombay. April 29. 
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and Elvehjem, 


Clearing Action of Lysolecithin on Brain 
Homogenates 


In the course of investigations into the metabolism 
of phospholipids by nervous tissue, it was observed 
that lysolecithin had a very marked clearing action 
on aqueous homogenates of whole rat brain. The 
hemolytic action of this compound has been studied 
fairly extensively (see Collier), and its effects on 
isolated liver mitochondria have also recently been 
investigated (Nygaard, Dianzani and Bahr’), but 
there appear to be no reports of its action on suspen- 
sions of whole tissues. 

Lecithin was prepared from eggs by the method 
of Rhodes and Lea’, and lysolecithin was prepared 
from this by that of Long and Penny‘. Homogenates 
of fresh whole rat brain and emulsions of lysolecithin 
were prepared in 0-025 .M sodium bicarbonate 
(pH. 8-3) in all-glass Potter-—Elvehjem homogenizers. 

The changes in optical transmission of the brain 
homogenate after the addition of lysolecithin were 
followed in a Spekker absorptiometer in 2-5 mm. 
cells using H.508 neutral grey filters (Fig. 1). 

There was an initial rapid increase in optical trans- 
mission during the first 10 min., followed by a more 
gradual rise, over a period of 2 hr., to a maximum 
value. The final degree of clearing produced in 3 hr. 
increased with increasing concentrations of lyso- 
lecithin and reached a limiting value of about 80 per 
cent of the optical transmission of water with 
0-007-0-008 M lysolecithin. At the end of the 
experiment the contents of all tubes were centrifuged 
for 60 min. at 21,0009 at 0° C., and the optical trans- 
mission of the supernatant fluids measured. Since 
only a relatively slight increase in transmission was 
found following this procedure in the tubes contain- 
ing the higher concentrations of lysolecithin, it is 
evident that in these tubes nearly all the brain tissue 
has been rendered soluble. 

The mechanism of this clearing action of lysolecithin 
on brain homogenates is obscure. Gorter and Her- 
mans*® found that a given amount of lysolecithin 
hemolysed a fixed number of erythrocytes under 
their specified conditions ; and they further concluded 
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Fig. 1. Effect of concentration of lysolecithin on the rate and 
degree of clearing of brain homogenates in 0-025 M sodium 
bicarbonate (pH 8-3). 

All tubes contained 150 mgm. fresh rat brain/3 ml. and were 
incubated at 38°C. with shaking. S represents the optical trans- 
mission of supernatant fluids after centrifuging. 100 per cent 
represents the optical transmission of distilled water 


that, following lysis, the lysolecithin remained at- 
tached to the erythrocyte membrane, since, for a 
given amount of lysolecithin, the percentage hzmo- 
lysis reached a limiting value in about 15 min., and 
did not increase progressively with time. It seems 
from Fig. 1 that there is a similar relationship 
between the amount of lysolecithin present in the 
system and the maximum degree of clearing produced 
in a brain homogenate. The amount of lysolecithin 
required for hemolysis was found by Gorter and 
Hermans‘ to be related to the surface area and by 
Collier and Chen‘ to the cholesterol content of erythro- 
cytes. Whether there is also a similar relation 
between cholesterol content or some other property 
of nervous tissue and the amount of lysolecithin 
needed for clearing a brain homogenate has not yet 
been determined, but the present results and those 
of Nygaard et al.* suggest that it may have some 
action not only on cell membranes but also on nuclear 
and mitochondrial membranes. 

Although the influence of temperature and of pH 
have not yet been studied in detail, preliminary 
experiments suggest that clearing of brain homo- 
genates is slower at room temperature than at 38°C., 
and slower at pH 6-4 than at pH 8:3. 

The ability of a number of other substances to 
cause clearing of rat brain homogenates was also 
tested. Using 1 per cent solutions of these substances, 
under the conditions described in Fig. 1, the final 
percentage optical transmissions found were : sodium 
oleate, 52 per cent; sodium deoxycholate, 70 per 
cent; sodium taurocholate, 26 per cent ; saponin, 
17 per cent; ‘Lubrol. W’ (cetyl alcohol-polyoxy- 
ethylene condensate : Imperial Chemical Industries, 
Ltd.), 52 per cent (brain only, 7-0 per cent ; water, 
100 per cent). On the other hand, the optical 
transmission of homogenates was raised to more than 
80 per cent of that of water by only 0-4 per cent 
lysolecithin. 

Lysolecithin also has a marked clearing action on 
homogenates of liver, kidney and muscle. 

This effect of lysolecithin may be of value in 
enzymic studies on homogenates of tissues, especially 
of nervous tissue where, owing to the presence of 
organized lipid-rich myelin sheaths, access of sub- 
strates or inhibitors to enzymes may be impeded. 
The question also arises whether an abnormal pro- 
duction of lysophosphatides, with a consequent dis- 
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turbance of the physical state of the myelin sheath, 
could be a factor in the pathogenesis of demyelinating 
disease. Morrison and Zamecnik’, in discussing the 
effects of cobra venom, suggested that lysophos- 
phatides might be myelinolytic, although they made 
no direct studies of the effects of these compounds 
on nervous tissue. 

I am grateful to Prof. R. H. S. Thompson for his 
interest in this work, and to Dr. C. Long for a gift 
of dried snake venom and advice on the preparation 
of lysolecithin. 

G. R. WEBSTER 

Department of Chemical Pathology, 

Guy’s Hospital Medical School, 

London, S.E.1. June 17. 

‘Collier, H. B., J. Gen. Physiol., 35, 617 (1952). 
?Nygaard, A. P., Dianzani, M. U., and Bahr, G. F., Exp. Cell. Res., 

6, 453 (1954). 
* Rhodes, D. N., and Lea, C. H., Biochem. J., 65, 526 (1957). 
‘Long, C., and Penny, I. F., Biochem. J., 65, 382 (1957). 
* Goesisy.” and Hermans, J. J., Rec. trav. Chim. Pay-Bas, 62, 681 


‘Collier, H. B., and Chen, H. L., Canad. J. Res., (E), 28, 289 (1950). 
? Morrison, L. R.,and Zamecnik, P. C., Arch. Neurol. Psychiat. , Chicago, 
68, 367 (1950). 


Relation between the Ultimate Upper 
Lethal Temperature and the Temperature- 
range for Good Health in the Roach 

(Rutilus rutilus) 


THE ultimate upper lethal temperature for roach, 
as defined by Fry', is 33-5°C. These fish remain 
in good condition and all survive at 26°C. (for at 
least three months). At 30°C. roach lose condition 
and individuals die after a few weeks, while at 32°C. 
their condition deteriorates rapidly and individuals 
die within a week. 

Experiments in which the temperature of the water 
was raised slowly also demonstrated that exposure to 
temperatures below the ultimate upper lethal temper- 
ature is highly deleterious. In experiments A, B and C 
(Fig. 1), roach which had been living for at least four 
weeks at 20° C. were transferred to tanks at 20°C., 
the temperature of which was raised by 1°C. a day 
to 30°C. (Other experiments had shown that at this 
rate of increase of temperature the fish display com- 
plete acclimatization.) In A, the fish were kept at 
30°C. for six weeks and the temperature was then 
raised by 1° C. a week to 32° C., and then by 4°C. a 
week. Six fish out of fifteen died while the temperature 
was still at 30° C., and 50 per cent of the fish had died 
while the temperature was at 32°C. (in the eighth 
week). Five fish were still alive when an accident 
ended the experiment in the eleventh week (tem- 
perature, 33-5° C.). In B and C, the roach spent only 
one week at 30°C. before the temperature was 
raised by 1°C. a week to 33°C. (B) or 32°C. (C), 
and then by 3° C. a week to 33-5° C., at which tem- 
perature the tanks were held until all the fish had 
died. In experiment B, one fish (out of ten) died 
at 32° C. and the others at 33-5°C.; 50 per cent of 
the individuals had died before the end of the sixth 
week. In experiment C, one fish (out of nine) died 
at 30°C. and 50 per cent had died when the tem- 
perature was 32-5° C. during the fourth week. Thus, 
50 per cent of the fish exposed for six weeks to 
30°C. died at 30-32° C., while of fish with a shorter 
exposure to the harmful temperature of 30° C., 50 per 
cent survived until the water had reached tempera- 
tures of 32-5-33-5° C. 
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Fig. 1. Diagram showing the time and temperature at which}, 
fish died, in three tests, when exposed for a long time to tempera- 
tures of 30° C. or above. The stepped line represents the course 
of temperature change with time in each test. The vertice] 
symbols cutting these lines represent the death times of the fish 


The fish were fed five times a week with minced 
liver but lost weight. Two of the fish in test C 
weighed 23-1 and 9-6 gm. when the experiment 
started and 11-5 and 5:3 gm. when they died after 
six weeks. 

After prolonged exposures to temperatures between 
30° and 34°C., roach become very dark along the 
back and very thin, so that the spine shows as a 
pronounced longitudinal ridge. The fish become 
bow-shaped, no longer swim normally and move with 
a stiff body by a series of jerky hops. When opened 
after death, the gall-bladder is large and black. 

There is little relation between the ultimate 
upper lethal temperatures of goldfish, Carassius 
auratus’, and speckled trout, Salvelinus fontinalis', 
and the temperature-ranges for good growth in the 
two species*. The lethal temperature for Salmo 
trutta* also bears little relation either to the optimum 
temperature for good growth at different ages® or for 
development*. 

Long exposures below the ultimate upper lethal 
temperature, therefore, are harmful to roach and are 
probably harmful to Carassius, Salvelinus and Salmo 
trutta. The ultimate upper lethal temperature is a 
useful index for comparing the thermal relationships 
of species, but bears little relation to the temperature- 
range for health and, therefore, breeding. Three 
important indexes for a species are probably, (a) the 
ultimate upper lethal temperature for the adult fish ; 
(6) the temperature-range that will allow satis- 
factory growth to maturity and spawning; and 
(c) the temperature-range for the satisfactory develop- 
ment of eggs and fry. If the temperature is too high 
to allow reproduction, a species will disappear from a 
water although the adult fish are not being killed. 
The criterion of a suitable maximum temperature 
for polluted rivers ought to be, therefore, that fish 
can remain in good condition and breed at that 
temperature, and not that the temperature is not 
sufficiently high to kill the fish outright. The present 
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limits for the temperature of polluted rivers may, 
therefore, be too high. 


These results are from work done in the Depart- 
ment of Zoology, King’s College, London, while 


holding a British Celanese Postgraduate Studentship. 
A. W. CocxkiInce 
24 Alhambra Road, 
Southsea, 
Portsmouth, Hants. 


1 Fry, F. E. J., Hart, J. S., and Walker, K. F., Univ. Toronto Stud. 
Biol., 54, Pub. Ontario Fish Research Lab., 66 (1946). 

*Fry, F. E. J., Brett, J. R., and Clawson, G. H., Rev. Canad. Biol., 
1, 50 (1942). 

* Audige, P., C.R. Acad. Sci., Paris, 172, 282 (1921). 

‘M’Gonigle, Trans. Amer. Fish. Soc., 62, 119 (1932). 

5 Brown, M. E., J. Exp. Biol., 22, 118 (1946); 28, 473 (1951). 

* Gray, J., J. Exp. Biol., 6, 125 (1928). Wood, A. H., J. Exp. Biol., 
9, 271 (1932). 


Chromosomes of the Potato Root Eelworm 


THE systematics of the cyst-forming eelworms of 
the genus Heterodera are difficult, and in several cases 
distinctions between species depend largely on the 
host-range of the eelworms. In the taxonomy of 
the higher plants, chromosome numbers have often 
been useful in determining the limits of species and 
the relations between species in difficult groups. It 
was therefore thought that an investigation of the 
chromosomes of Heterodera species might be valuable. 
Details are given below of a technique that can be 
used for determining the chromosome number of the 
potato root eelworm, Heterodera rostochiensis Woll. 

Females of Heterodera rostochiensis were examined 
at all stages from the time of their first emergence 
from the root, when they were white and flask- 
shaped, until they were much larger and spherical, 
with bright yellow cyst walls, and contained about 
a hundred eggs in egg cases. All came from potato 
seedlings infected in plant pots in the greenhouse 
from soil collected at Feltwell Fen, Norfolk. They 
were fixed in acetic-alcohol (1:3) for half an hour 
and afterwards placed in a drop of 2 per cent orcein 
in 45 per cent propionic acid on a microscope slide. 
The cyst walls were removed, and the contents of the 
cyst squashed under a cover glass. 

Cell division was seen in cysts of all ages, principally 
in the long convoluted ovary, although mitotic 
divisions occurred elsewhere in other unidentified 
tissues. Metaphase of mitosis was only seen in side 
view, and no details of the chromosome complement 
could be distinguished, for the chromosomes are 
tightly retained on a hollow equatorial plate. At 
mitotic anaphase there is no convergence to the poles, 
the groups separating in parallel lines. Although 
the individual components of the groups can be seen 
more clearly than at metaphase, no cell was obtained 
in which the chromosome number could be counted. 

Many phases of meiosis apparently occur together 
in the long ribbon of ovary, but the only clear stages 
at which the chromosomes could be examined were 
first metaphase and first anaphase. Judged by the 
frequency with which these stages were observed, 
meiosis takes place most vigorously in yellow cysts 
which already contain many developing eggs enclosed 
in membranes. It would seem, therefore, that eggs 
are sti'l actively produced at this time, possibly to 
be fert.lized by stored sperm. 


At first metaphase of meiosis, nine pairs of 


chromosomes were present (Fig. 1), the complement 
consisting of three pairs of larger chromosomes and 
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six pairs of smaller ones. However, all the chromo- 
somes are very small, the largest being about 1-2 
in length at first metaphase, and are at the limits of 
resolution of most microscopes; thus detailed 
description is impossible. The partner chromosomes 
of each bivalent lie side by side, generally with each 
member of the bivalent orientated towards opposite 
poles. There was no evidence of undue lagging at ana- 
phase, and anaphase and telophase were quite normal. 

This preliminary examination shows that H. 
rostochiensis is cytologically distinct from an un- 
identified species of Heterodera and from a species 
of a related genus, Meloidogyne incognita, both of 
which have been reported to have 16 chromosomes’. 
Indeed, this evidence of differences in chromosome 
numbers suggests that cytological studies may be 
rewarding in defining the limits and relationships of 
eelworm species. 

We acknowledge the ready co-operation of Dr. 
H. W. Howard in providing infected potato seedlings. 

RatrH RILEY 
Victor CHAPMAN 
Plant Breeding Institute, 
Cambridge. May 4. 

4 Mulvey, R. H., Canad. J. Zool., 38, 295 (1955). 


Structural Heterozygosity of Cipura 
paludosa, Aubl. 


Tue genus Cipura of the Iridaceae is found in 
India both in the temperate and tropical regions of 
the Eastern Himalayas. Cipura paludosa, Aubl. is 
cultivated specially for its dainty white flowers. This 
species is a native of tropical America and can 
tolerate varying climates. 

The cytology of this species has been studied by 
us in connexion with the detailed investigation on 4 
number of iridaceous genera undertaken in this 
laboratory. The chromosome number of this species, 
as determined from the somatic and meiotic cells, is 
twelve. The present report deals with the chromo- 
some behaviour of C. paludosa Aubl. and the observa- 
tions show that this species is a structural hybrid. 

Extreme stickiness of the chromosomes made the 
study of their structure by the usual methods of 
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Figs. 1-5. Mitotic and meiotic chromosomes of Cipura paludosa 
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Figs. 1-3. Mitotic metaphase, early metaphase and anaphase, respectively, showing the different morphology of the two large 
chromosomes (marked with arrow). In Fig. 1 the exaggerated nature of the constriction in one member-of the large pair and 
the centromeric granule in the other member are noticeable 


Figs. 4-5. Bivalent configuration of the large chromosomes (marked with arrow) and their separation in anaphase respectively 
during meiosis. (In Fig. 5, the early separation and the difference in size of the members of the large pair is noticeable) 


fixation and staining difficult. After a series of trials 
with different pretreatments, the best result was 
obtained with pretreatment in a saturated solution 
of aesculin at 12—-14°C. for 30 min. Fixation was 
then carried out in acetic-alecohol (1:1) for 45 min. 
This step was followed by heating in orcein—hydro- 
chloric acid mixture (2 per cent orcein/N hydrochloric 
acid, 9: 1) and smearing in 1 per cent aceto-orcein. 

The twelve chromosomes of this species can be 
classified in three distinct categories, namely, four 
pairs of short chromosomes with median primary 
constrictions, one pair of medium-sized chromosomes 
with median primary constrictions and two large 
chromosomes. 

The two large chromosomes are clearly distinguish- 
able from each other (Figs. 1, 2 and 3). One of 
them is provided with a nearly median primary 
constriction and a secondary constriction very near 
the primary one. The other chromosome has the 
primary constriction located at the sub-median to 
sub-terminal position. The size difference too is 
marked, the former being comparatively larger than 
the latter. The position of the primary constriction 
is also much pronounced. 

The behaviour of these two chromosomes during 
meiosis is interesting. ‘They remain distinct from 
the rest of the five bivalents during all the stages of 
meiosis. They undergo pairing among themselves at 
the end region, thus forming a heteromorphic bivalent. 
A ring configuration between these two chromosomes 
18 commonly met with (Fig. 4) even from the early 
Stages of meiosis. During anaphase, this pair under- 
goes separation earlier than the rest. During this 
phase, the size difference between the two is quite 
clear (Fig. 5). Consequently, in the second division 
also, 50 per cent of the nuclei contain one of the 
members of the heteromorphic pair and the remain- 
ing 50 per cent the other. 

The occurrence of a heteromorphic pair of chromo- 
Somes is not uncommon in unisexual plants, where 
these are concerned mainly with the determination of 
sex. In C. paludosa, Aubl., which has bisexual 
flowers, such chromosomes have no bearing on the 
determination of sex. 

That they are the products of the structural changes 
of the chromosomes occurring in the evolution of 
Species is apparent. They must have originated 
through chromosomal changes from a normal homo- 
morphic pair. The pairing behaviour during synapsis 
of these two chromosomes is significant. 





A ring configuration is commonly met with, 
suggesting homology of the end segments. Such 
behaviour indicates that the process of structural 
alternations has mainly affected the intercalary 
segments of one or of both of them. Pairing at the 
end region consequently causes no change in the 
general pattern of the chromosome structure. Inter- 
calary segments, in which the two mainly differ, 
remain absolutely unaltered. The difference in the 
intercalary segments has also been brought out 
clearly in the somatic plates. The morphology of the 
two differs markedly. Their difference noted both in 
meiosis and mitosis indicates that a portion of the 
chromosome segment must have been deleted in one 
of the members. Further, the early separation during 
anaphase indicating difference in the timing balance 
with the rest of the bivalents is possibly the result 
of structural alterations affecting genes responsible 
for anaphase movement. 

All the individuals collected from the different 
localities of the plains as well as of the Himalayas 
are characterized by this heteromorphic pair of 
bivalents. As no homozygote has yet been obtained, 
it appears that homozygosity in relation to any of 
these chromosomes is possibly lethal to the species ; 
some mechanism is undoubtedly operating in Nature 
to maintain the structural heterozygosity of the 
species. Cipura paludosa, Aubl., therefore, should be 
classed as a balanced, structural heterozygote. 

Arun Kumar SHARMA 
Cuitra TALUKDAR 
Cytogenetics Laboratory, 
Department of Botany, 
University College of Science, 
Calcutta 19. April 26. 


Effect of the Afforestation of Catchment 
Areas upon Water Yield 


Ir has recently been argued! that the afforestation 
of catchment areas in Great Britain seriously reduces 
water yield, and because of this the planting of such 
areas should cease until it can be proved that the 
nation’s water supplies are not being threatened. In 
both this paper’ and a contemporary review* the 
effect has been interpreted primarily as that of 
afforestation upon transpiration. 

It may be of value, therefore, to present certain 
existing data, from a detailed study* of natural and 
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afforested Calluna moor in the Cleveland (Yorkshire) 
massif, which enable this important problem to be 
seen. in fuller perspective. 

Soil water determinations, carried out throughout 
the season upon naturally structured soil clods*, have 
shown the podzol profile (0-50 cm.) of undisturbed 
Calluna moor to possess a stable field-capacity. In 
winter, excess water following rain showers left the 
moor within two to three days, largely either by 
draining laterally above the poorly permeable thin 
iron-pan or as surface run-off. For summers of 
potential soil-water deficits, calculated from climatic 
data®, not exceeding 6 cm. of water, actual deficits 
in the profile were lower by 10-15 per cent, and for 
summers of potential deficits as great as 12 cm. this 
discrepancy rose to 20-25 per cent, or the equivalent 
of about 2-7 cm. of water. This suggested falling-off 
in actual transpiration was not unexpected from the 
fact that more than 8 per cent of the Calluna root 
system was concentrated in a 13-cm. thick surface 
soil zone, the raw humus and upper bleached horizons, 
which contained only about 7 cm. available (< pF 
4-2) water at field-capacity. 

Some twenty-five years growth of Picea sitchensis 
on this site slightly reduced the field-capacity water 
content of the profile, but for summers of potential 
deficit of up to 12 cm. of water, actual deficits, 
measured from the new field-capacity, were no less. 
The absence of decline in transpiration in this case 
appeared due to the deeper rooting of the trees. 
The reserves of available water in the rooting zone 
were greater and water was withdrawn less exclusively 
from the surface horizons; hence the chances of 
attaining conditions of water deficiency were less. 
Through its effect upon transpiration, therefore, 
afforestation could, in certain years, reduce catch- 
ment yield by up to 3 cm. of water. 

Two reasons, however, suggested such a loss to 
be of no practical importance. First, dry summers 
are rare in Great Britain: over the representative 
32-year period 1921-52, there were only four summers 
when the potential deficit reached 12 cm. of water 
and twelve when it reached 9 cm. Secondly, winter 
rainfall is considerable: for the twelve winters 
following these summers, from the establishment of 
field-capacity in autumn until its cessation in spring, 
the rainfall averaged 52 cm. and never amounted to 
less than 28 cm. Only a minor fraction of this winter 
rainfall could be transpired ; hence the remainder 
available for catchment purposes was still large 
compared with the 3 cm. loss. 

But the other main way whereby afforestation 
might threaten water yield must not be overlooked. 
Structural changes may be brought about within the 
soil profile favouring the deep seepage of water, with 
possible loss to a reservoir, at the expense of run-off. 

Thus, both the deep forestry ploughing which 
precedes planting and the tree roots themselves 
extensively shatter and soften the iron-pan of the 
natural Calluna moor. Deep seepage through the 
more permeable underlying fragmented sandstone is 
increased, so that under closed canopy forest, run-off 
—over either the soil surface or the iron-pan—is 
no longer commonly seen. Divergence between the 
topographic and phreatic boundaries of drainage 
basins becomes a factor of special significance, and a 
study of the geological structure of the region shows 
that upon certain catchments increased percolation 
could result in watershed leakage and reduction in 
water yield. 
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Consideration of the effect of afforestation upon 
water yield, therefore, must embrace all hydrological 
characteristics of the catchment area. Generalization 
is difficult, but existing evidence scarcely suggests 
that upon the impermeable primary rocks of the 
areas of higher rainfall in north and west Britain 
afforestation threatens water supplies. The same 
cannot be said for south-east England, although 
extensive afforestation of catchments here is rarely 
a possible form of land utilization. The particular 
need for research appears to be upon the permeable 
strata of the north and west. 

P. J. Renniz 
Department of Forestry, 

University of Oxford. May 18. 

* Law, F., Advanc. of Sci. (in the press). 

* Laurie, M. V., Int. Union of Forest Research Organizations, 56/11/16. 
(Oxford, 1956). 

* Rennie, P. J., ‘Some Physico-chemical Properties of Moorland Soils 
as related to Afforestation”, unpublished thesis, Imperial Forestry 
Institute (Oxford, 1956). 

‘Rennie, P. J., Soil Sci. (in the press). 

* Ministry of Agriculture and Fisheries, Tech. Bull., No. 4 (1954). 


Permeability and the Size Distribution 
of Pores 


Many attempts have been made to find a relation 
between permeability and other measurable proper- 
ties of porous materials such as particle-size and 
porosity. The Kozeny equation, which depends on 
surface area of particles and porosity, has come into 
rather general use in fields concerned with flow of 
water, oil and gases and a considerable literature has 
developed around it'. Its weaknesses are that it is 
unsuited to material having a wide range of pore- 
sizes, and that it makes use of an empirical factor 
which departs seriously from its accepted value in 
consolidated materials. Attention has also been 
given to the possibility of using pore-size instead of 
particle-properties, and Childs and Collis George? 
have developed a permeability equation on this basis. 
An empirical factor is involved and this has not been 
widely tested for constancy in different materials. 

The following equation expresses the permeability 
of a porous material solely in terms of the size-dis- 
tribution of its pores. If7r,, 7, ... andr, em. represent 
the mean radius of the pores (in decreasing order of 
size) in each of n equal fractions of the total pore 
space, then permeability is given by : 

K = e*n-*(r,? + 3r,? + 5rg? +... + (2n—1)rn*)/8 
where ¢ is the porosity in cm.*/cm.? of porous material, 
and K is in units of em.?. 

In the derivation of this equation, an expression 
is found as follows for a mean area of cross-section 
of the necks connecting pores in isotropic porous 
material. Unit area of surface exposed by a section 
through such material is considered as being made up 
of n portions each of the same area, 1/n, and porosity, 
e em.’/em.*, and each containing pores of one radius 
Tis Te +++? 0m., where r, > 1, > ~..+ > Tn When 
that portion of one surface (A) which has pores of 
radius 7, makes random contact with the randomly 
distributed pores of the other surface (B) exposed 
by the section, it will in effect be in contact with 
n portions of equal area, 1/n*, each containing pores 
of one size r,,%:, - . - T, respectively. The area of 
contact of two pores in the opposite faces will be 
that of the smaller pore when the contact is perfect, 
but in the average case it will be ¢ times the area 
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Fig. 1. Comparison of measured permeability with permeability 
calculated from the siz2-distribution of pores 








of the smaller pore. Hence the resulting neck areas 
for each of these n portions of surface B will be 
respectively em ,2, e722, . .. etn? Similarly, that 
portion of surface A which contains pores of radius 1, 
will have neck areas of ems”, ets", eT", . . .- ETI? 
respectively for each of the n portions of surface B 
with which it makes contact. If this process is 
continued through to that portion of surface A con- 
taining pores of radius rn, @ mean neck area can be 
obtained for the n? portions. It is given by: 
exn-® [7,2 + 3r.? + 5r,? + + (2n — 1)rp?] 
If this is taken to be the cross-sectional area of a 
tube controlling flow through the porous material, 
then, with the aid of Poiseuille’s and Darcy’s equa- 
tions for flow through capillary tubes and porous 
materials respectively, the new equation can be 
obtained. The assumptions made in deriving this 
equation are rather similar to those made by Childs 
and Collis-George?. Full details will be published 
elsewhere. 

Measured and calculated permeabilities are com- 
pared in Fig. 1 using published data for the permeabil- 
ity and size-distribution of pores of various isotropic, 
non-swelling materials. These include consolidated*.4 
as well as unconsolidated materials**-’ and those 
with a wide range of pore-size®’ as well as those with 
& narrow range*. Systems in which either air*‘ or 
water’? is the fluid and also a three-phase system 
in which water flows through the unsaturated 
material?» are represented. In the unsaturated 
materials the conducting pores are those that are 
filled with water, so that in such cases ¢ is replaced 
by c, the volume concentration (¢.c. water/c.c. porous 
material). The results obtained on any one material 
at different water-contents are given as @ curve. 
In Fig. 1, a range of permeability is represented in 
which the greatest is more than 30,000 times the 
least. The fit of the data to the equation is such 
that the ratio of the larger to the smaller of the values 
obtained by calculation and by measurement is less 
than 2-3 in all except one case. 

This equation appears to have greater generality 
than the Kozeny equation. It requires reliable data 
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on size-distribution of pores, and this may affect 
its use in swelling materials where the usual suction 
methods for measuring size-distribution may be 
inaccurate. 
T. J. MarsHAaLL 
Division of Soils, 
Commonwealth Scientific and 

Industrial Research Organization, 

c/o Waite Institute, 

Adelaide. April 12. 


1 Carman, P. C., ‘Flow of Gases through Porous Media’ (Butterworth, 
London, 1956). 
id er E. C., and Collis-George, N., Proc. Roy.. Soc., A, 201, 392 
0). 


* Purcell, W. R., Trans. Amer. Inst. Min. Eng., 183, 39 (1949). 

‘Wyllie, M. R. J., and Spangler, M. B., Bull. Amer. Assoc. Petrol. 
Geol., 36, 359 (1952). 

5 Day, P. R., and Luthin, J. N., Proc. Soil Sci. Soc. Amer., 20, 443 
(1956). ‘ 

® Moore, R. E., Hilgardia, 12, 383 (1939). 

7 Baver, L. D., Proc. Soil Sci. Soc. Amer., $, 52 (1938). 


Effect of Oxygen on the Carrier Life-time 
in Silicon 

Ir has been shown! that the infra-red absorption 
band found in silicon at 9. can be correlated with the 
oxygen content of the silicon, and that this band is 
related to the Si—O stretching vibration. 

This absorption band has since been used as a 
sensitive monitor of the oxygen content of silicon 
crystals pulled in this laboratory. The observed fall- 
off in oxygen content across a slice cut perpendicular 
to the direction of crystal growth shows that crystals 
pulled in a vacuum lose oxygen by evaporation. On 
the other hand, crystals pulled in an atmosphere 
of argon plus water vapour show an increase in 
oxygen content near the surface. This is thought 
to throw some light on the mechanism whereby boron 
can be removed from silicon®. 

Results obtained recently, given in Table 1 and 
Fig. 1, point to correlation between the oxygen 
content and the carrier life-time, +. It is found that 
the presence of oxygen increases t. At first sight this 
is unexpected, as it is usual to consider that any 
departure from crystal perfection will reduce the 
carrier life-time. An exception is the case of traps 
which have been observed in silicon®. These have, 
however, been eliminated from the present experi- 
ments by means of a suitable ambient illumination. 
The explanation is thought to be that there is some 
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Table 1 
REPS Av iy | 
Crystal No. | Atmosphere during growth a(em.~*) | x (usec). 
177 Vacuum 2 x 10-* mm. 1-1 2 
181 Vacuum 8 x 10-* mm. 1-25 10 | 
| 166 Vacuum 3 x 10-? mm. 1°55 | 12 
| 148 Vacuum 5 x 10-* mm. 175 | 18 
| 150 Argon and water vapour | 6-0 20 


recombination centre X which can either be nullified 
by chemical interaction with the oxygen or which 
competes with oxygen for a place in the lattice. 
The nature of X is not known at present, but it is 
suggested that X might be an interstitial silicon 
atom, frozen into the lattice during the crystal- 
growing process‘. 

Kaiser has shown recently that a suitable heat 
treatment can lead to the production of donor centres 
the distribution of which along the crystal can be 
correlated with the amount of oxygen present. It is 
intended to extend the present work to an investiga- 
tion into the relationship between. heat-treatment 
effects, life-time, oxygen content and dislocation 
density. A more complete account of the experimental 
techniques and results will be given elsewhere. 

In the present results, the value of the absorption 
coefficient, «, in cm.-! at 9u is taken as a measure of 
the oxygen content. In the calculation of «, back- 
ground absorption due to free carriers has been 
allowed for, because of its dependence on resistivity. 

D. H. Rosperts 
P. H. SrePHENs* 
P. H. Hont 
Plessey Co., Ltd., 
Caswell Research Laboratories, 
Towcester, Northants. 
May 24. 


* Present address: Texas Instrument Co. (Great Britain), Ltd., 


Dallas Road, Bedford. 

1 Kaiser, W., Keck, P. H., and Lange, C. F., Phys. Rev., 101, 1264 
(1956). 

* Theuerer, H. C., J. Metals, 8, 1316 (1956). 

* Hornbeck, J. A., and Haynes, J. R., Phys. Rev., 97, 311 (1955). 
Haynes, J. R., and Hornbeck, J. R., Phys. Rev., 100, 606 (1955). 

* Mayburg, 8., Acta Met., 4, 52 (1956). 

* Kaiser, W., Phys. Rev., 105, 1751 (1957). 


Boron in the Glasshouse Tomato Plant 


Data concerning the boron content of the glass- 
house tomato plant were required in connexion with 
an investigation of a fruit condition known as 
‘bronzing’. Negligible information on this subject 
is to be found in the standard references!-*. The 
boron contents of the tomato plant presented in the 
following tables may, therefore, prove useful in 
future diagnostic work. 

In the pot experiment three rooting media were 
employed: (1) silver sand; (2) compost No. 1 
prepared from a local steamed soil; (3) compost 
No. 2 prepared from a glasshouse soil, where ‘bronz- 
ing’ has been a problem, and two tomato varieties— 
Anti-mold A and Ailsa Craig. One series of three 
pots per variety was irrigated with a complete 
nutrient solution containing 2 p.p.m. of boron and 
an identical series with a nutrient solution minus 
boron (except for ‘starter’ doses of the solution con- 
taining boron given to the silver-sand pots). All 
treatments. were replicated twice. Boron was de- 
termined colorimetrically in the laboratory on the 
fruit and associated leaves, all determinations being 
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Table 1. Por EXPERIMENT 1956: GLASSHOUSE TOMATO PLANTs 
(Boron expressed as p.p.m.on a dry matter basis) 
Leaf analysis | Fruit analysis | 
Sampling - | —| 
month and | Complete | Minus boron | Complete | Minus boron 
stage ofgrowth | nutrients | 8.8. y nutrients | S.S. 
A ee a Reccunnighieial 
July } | | 
1st truss | | 
ripening | 82 26 | 48 | 14 B18 
Early August | | | 
2nd and 3rd | | 
trusses | | 
ripening 41 16 33 | 8 ee g4 
Late August | | | 
| 4th and 5th | | | 
| trusses | | 
| Tipening 18 Be 14 |, 5 | No 
| | fruit 4 








8.8., Silver sand ; C, compost ee 


carried out in duplicate. A summary of the results 
is given in Table 1. 

Typical boron deficiency symptoms?:* were observed 
only in the tomato plants grown in silver sand and 
irrigated with ‘minus boron’ nutrient solution. 
Both the composts were able to supply sufficient 
boron to their plants. 

Table 2 presents the boron contents for samples 
taken from tomato plants on various commercial 
nurseries in the north of England over the period 
1954-56. 

Table 2. ANALYSES OF HERBAGE SAMPLES TAKEN FROM TOMATO 
PLANTS ON VARIOUS COMMERCIAL NURSERIES, 1954-56 
(Boronin parts per million on a dry matter basis) 


Month of No. of | 





No. of 
sampling Leaves samples Fruit samples 
| June 5 6] t(d18 On ee 
| July 58 19 14 19 
August 22 | q } 8 8 





Three points of interest emerge from this work. 

(1) Boron deficiency is unlikely to be of economic 
importance in the tomato plant. This confirms the 
conclusion of independent investigations? *. 

(2) The values presented in certain standard 
references are high compared with those obtained 
in this investigation. Goodall and Gregory’, quoting 
work undertaken by Eaton‘ in the United States, 
abstracts the following values : 


Boron in p.p.m. (on a dry matter basis) in plants not showing 
symptoms of boron deficiency 

Period Leaves Fruit Plant 

July-August 34-150 24-27 29-78 


Wallace* gives a value of 46 p.p.m. boron for 
healthy tomato leaves, which compares favourably 
with the values in the above tables. 

(3) Boron contents decrease markedly as the 
season progresses. 

The assistance of the field and laboratory staff 
of the Chemistry Department, National Agricultural 
Advisory Service, Newcastle upon Tyne, is gratefully 
acknowledged. 

B. WILKINSON 
Soil Chemistry Department, _ 
National Agricultural Advisory Service, 
Elswick Hall, Elswick Park, 
Newcastle upon Tyne 4. 
1 Goodall, D. W., and Gregory, F. G., Imp. Bur. Hort. and Plantation 
Crops, Tech. Comm. No. 17, p. 35 (1947). 
?“‘Hunger Signs in Crops”, a Symp., Amer. Soc. Agron. and the 
Nat. Fert. Soc. (1950). a 
® Wallace, T., “Mineral Deficiencies in Plants”, 34 (H.M. Stationery 
Office, 1951). 
‘Raton, F. M., J. Agric. Res., 69, 237 (1944). 
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FORTHCOMING EVENTS 


(Meeting marked with an asterisk * is open to the public) 


Tuesday, October | 


UNIVERSITY COLLEGE, LONDON (in the Physiology Theatre, Gower 
Street, London, W.C.1), at 5 p.m. Prof. M. Heidelberger (U.S.A.): 
“The Chemistry of Proteins and Carbohydrates in Relation to Immunc- 
logical Specificity”’.* 

Society OF CHEMICAL INDUSTRY, PLASTICS AND POLYMER GROUP 
(at 14 Belgrave Square, London, 8.W.1), at 6.30 p.m.—Mr. E, W. 
Russell: ‘Plastics in the Aireraft Industry’’. 


Wednesday, October 2 


[NSTITUTE OF PETROLEUM (at 26 Portland Place, London, W.1), 
at 5.30 p.m.—Dr. H. Powell and Mr. W. H. Thomas: ‘Moderr 
Trends in Petroleum Analysis”; Mr. 8. W. J. Wallis and Mr. D. 8. 
Townend: ‘‘New Trends in the Instrumentation of Refinery Pro- 
cesses”. 

SoclkTY FOR ANALYTICAL CHEMISTRY (at the Royal Society, Burl- 
ington House, Piccadilly, London, W.1), at 6.30 p.m.—Scientific 
Papers. 


Thursday, October 3 


Ross INSTITUTE INDUSTRIAL ADVISORY COMMITTEE (in the Council 
Chamber of the Rubber Growers’ Association, 19 Fenchurch Street, 
London, E.C.3), at 2.15 p.m.—Dr. O. J. 8. Macdonald: ‘Present 
Day Health Problems on Plantations (with Special Reference to 
Housing)”. 

PaysicAL Society, Low TEMPERATURE GROUP (in the Lecture 
Theatre of the Royal School of Mines, Prince Consort Road, South 
Kensington, London, 8.W.7), at 4 p.m.—Dr. R. Berman and Dr. 
A. H. Cooke: “Reports of the Fourth U.S.S.R. Low Temperature 
Meeting, Moscow, July 1957”. 


RoyaL SOCIETY OF MEDICINE, UNITED SERVICES SECTION (at 1 
Wimpole Street, London, W.1), at 5 p.m.—Wing-Cmdr. P. F. King 
and Flight Lieut. P. Gannon: “The Problem of Noise in the Royal 
Air Force’. 

INSTITUTE OF METALS, LONDON LOCAL SECTION (at 17 Belgrave 
comme, London, 8.W.1), at 6.30 p.m.—Dr. E. C. Rhodes: “Fourteen 

ements”. 


RoyaL SOCIETY OF MEDICINE, NEUROLOGY SECTION (at 1 Wimpole 
—. London, W.1), at 8 p.m.—Dr. W. Ritchie Russell: “‘Physiology 
of Memory”’. 


Thursday, October 3—Friday, October 4 


SocleTY OF CHEMICAL INDUSTRY, Foop GrRovuP, and the Associa- 
TION OF PUBLIC ANALYSTS (at the Royal Society of Medicine, 1 Wim- 
” al London, W.1)—Symposium on “The Quality Control 
of Food”. 


Friday, October 4 


PLASTICS INSTITUTE (at the Borough Polytechnic, Borough Road, 
London, 8.E.1), at 2.30 p.m.—Sir Miles Thomas: “Challenge of 
Plastics to the Arts and Technology”. 


Society OF DYERS AND COLOURISTS, LONDON SECTION (joint 
meeting with the LONDON BRANCH of the CLOTHING INSTITUTE, 
at the Royal Society, Burlington House, Piccadilly, London, W.1), 
at 6 p.m.—Mr. N. J. Read: ‘‘Flame-proofing of Textile Fabrics, 
with particular reference to the Function of Antimony Compounds”. 


APPOINTMENTS VACANT 


APPLICATIONS are invited for the following appointments on or 
before the dates mentioned : 
_ ASSISTANT EXPERIMENTAL OFFICER (preferably with a pass degree 
'n science or laboratory experience in biochemistry, biophysics, or 
immunology, or at least G.C.E. in five subjects (mathematics or 
— at advanced level or equivalent) IN THE EXPERIMENTAL 
a er DEPARTMENT, to work on electrophoresis—The Secretary, 
¢ Institute of Animal Physiology, Babraham, Cambridge (October 5). 
, DEwonstRatoR IN HORTICULTURAL SCIENCE (for mycology and 
Plant pathology)—The Registrar, The University, Bristol 8 (October 5). 
RESEARCH ASSISTANT (with a degree in agriculture or agricultural 
om and some experience in plot techniques) IN THE DEPARTMENT 
Gane t The Deputy Registrar, The University, Birmingham 15 
og AtatstaNr LECTURER IN THE DEPARTMENT OF BIOCHEMISTRY AND 
( ‘MIS TRY—The Secretary, Royal Free Hospital School of Medicine 
hiversity of London), Hunter Street, London, W.C.1 (October 9). 
i eo OFFICER (with a first- or second-class honours degree 
whie jeualetry) IN THE DEPARTMENT OF SPECTROCHEMISTRY, for duties 
Hoe will include investigations involving various aspects of infra- 
~ ana ultra-violet absorption spectroscopy—The Secretary, Macaulay 
. — for Soil Research, Craigiebuckler, Aberdeen (October 12). 
boos TOR LECTURER or LECTURER (with a first- or second-class 
of — degree in physics) IN Puystos at the Royal Military College 
Science, Shrivenham, Berkshire, for teaching at university level— 


Beeinistry of Labour and National Service, Technical and Scientific 
(October & ), 26 King Street, London, S.W.1, quoting A.26/77A 


wit TEsORY OFFICER (with a good degree in engineering, preferably 


Postgraduate experience in dairy engineering, or a degree in 
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science or dairying with extensive subsequent experience in dairy 

engineering) IN DAIRY ENGINEERING—The Secretary, West of Scot- 

we College, 6 Blythswood Square, Glasgow, C.2 (Octo- 
er 15). 

ASSISTANT LECTURER or LECTURER IN PHYSICAL AND INORGANIC 
CHEMISTRY—The Secretary and me ag University College of North 
Wales, Bangor, North Wales (October 18). 

SENIOR TECHNICIAN IN ZOOLOGY at University College, Ibadan, 
Nigeria—The Secretary, Inter-University Council for Higher Educa- 
tion Overseas, 29 Woburn Square, London, W.C.1 (October 25). 

LECTURER or SENIOR LECTURER IN BOTANY at the University of 
Melbourne, Australia—The Secretary, Association of Universities of 
the British Commonwealth, 36 Gordon Square, London, W.C.1 
(Australia, October 31). 

LECTURER (preferably with qualifications and experience in X-ray 
techniques or geochemistry) IN THE DEPARTMENT OF GEOLOGY AND 
MINERALOGY, University of Adelaide, Australia—The Secretary, 
Association of Universities of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (Australia, October 31). 

LECTURER (preferably with qualifications in applied mathematics) 
IN MATHEMATICS at the University of Tasmania, Australia—The 
Secretary, Association of Universities of the British Commonwealth, 
36 Gordon Square, London, W.C.1 (Australia, October 31). 

LHCTURER (university graduate in civil engineering and preferably 
with some professional experience) IN CIVIL ENGINEERING at Auckland 
University College (University of New Zealand)—The Secretary, 
Association of Universiiies of the British Commonwealth, 36 Gordon 
Square, London, W.C.1 (New Zealand, October 31). 

LECTURER (honours graduate in chemical engineering, physical 
chemistry or mechanical engineering) IN CHEMICAL ENGINEERING— 
The Deputy Registrar, The University, Birmingham (November 1). 

SCIENTIFIC OFFICER (with a good honours degree) IN THE VIROLOGY 
SECTION of the Plant Pathology Department—The Secretary, Scottish 
Horticultural Research Institute, Mylnefield, Invergowrie, by Dundee 
(November 2). 

WELLCOME RESEARCH FELLOW (with a good honours degree and 
research experience) IN ZOOLOGY at the University College of Rhodesia 
and Nyasaland, to collaborate with Prof. E. B. Edney in work on 
sensory physiology of tsetse flies—The Secretary, Inter-University 
Council for Higher Education Overseas, 29 Woburn Square, London, 
W.C.1 (November 10). 

CHAIR OF CHEMISTRY in the University of Khartoum—The Secre- 
tary, Inter-University Council for Higher Education Overseas, 29 
Woburn Square, London, W.C.1 (November 15). 

LECTURER IN APPLIED MATHEMATICS—The Registrar, University 
of Adelaide, Adelaide, South Australia (November 15). 

LECTURER IN SOCIAL ANTHROPOLOGY at Auckland University 
College (University of New Zealand)—The Secretary, Association of 
Universities of the British Commonwealth, 86 Gordon Square, London, 
W.C.1 (New Zealand, November 15). 

ASSISTANT EpITOR (with either (a) a good knowledge of languages, 
including Russian, and some acquaintance with chemical terminology, 
or (b) a good knowledge of physics or chemistry or mineralogy, and 
some acquaintance with European languages) OF Structure Reports— 
Prof. A. J. C. Wilson, University College, Cardiff. 

ASSISTANT, Grade B (with a good honours degree and preferably 
some previous teaching experience), FOR MATHEMATIOS—The Clerk to 
the Governors, Mid-Essex Technical College and School of Art, 
Market Road, Chelmsford. 

ASSISTANT PHYSICIST (with an honours degree in physics) IN THE 
RADIOTHERAPY DEPARTMENT, Royal South Hants Hospital, South- 
ampton, to assist on radium and X-ray problems, including rotational 
therapy, as well as radio-isotope work—The Secretary, Southampton 
Group Hospital Management Committee, Bullar Street, Southampton. 

DEMONSTRATOR (honours graduate in botany with an interest in 
mycology, _ pathology or microbiology) IN HORTICULTURAL 
ScrgNcE—The Registrar, The University, Bristol 8. 

ELECTRONICS TECHNICIAN (preferably with experience in the radio 
frequency power generation of pulse systems) IN THE NUCLEAR 
ENGINEERING LABORATORY, for work which includes the development 
and construction of instrumentation for thermonuclear research— 
The Registrar, Queen Mary College (University of London), Mile 
End Road, London, E.1. 

HEAD (with research and teaching experience) OF THE PHYSICS 
DEPARTMENT (Grade I[V)—The Clerk to the Governing Body, Battersea 
College of Technology, London, S.W.11. 

HEAD (highly qualified in chemistry and with some experience 
as a full-time lecturer in a technical college or university, and the 
ability to initiate and develop chemical research) OF THE STRY 
AND METALLURGY DEPARTMENT (Grade III), Coventry Technical 
College—The Director of Education, New Council Offices, Coventry. 

GRADUATE PuHyYSICISTS and/or MECHANICAL ENGINEERS 
FUEL TECHNOLOGY SEcTION of the Plant Engineering Division of the 
Association in London, for research work concerned with the applica- 
tion and economic use in the iron and steel industry of all forms of 
energy—The Personnel Officer, British Iron and Steel Research Asso- 
ciation, 11 Park Lane, London, W.1, quoting “F.T.1”. 

LECTURER/DEMONSTRATOR IN THE CHEMISTRY DEPARTMENT—The 
Bursar, Royal Agricultural College, Cirencester. 

LECTURER IN PHYSICAL CHEMISTRY IN THE DEPARTMENT OF 
CHEMISTRY AND BIoLoGy—The Principal, Kingston Technical College, 
Fassett Road, Kingston-on-Thames. 

RESEARCH ASSISTANT (young graduate in physiology or a related 
science)—Dr. A. Elithorn, Neurological Research Unit (Medical 
Research Council), National Hospital for Nervous Diseases, Queen 
Square, London, W.C.1. 

ESEARCH WORKER IN THE DEPARTMENT OF INDUSTRIAL METAL- 
LURGY, for work on the frictional and surface properties of titanium 
and its alloys during metal-working processes—The Deputy Regis- 
trar, The University, Edgbaston, Birmingham 15. 

SENIOR RESEARCH ASSISTANT (with a Ph.D. in physics and prefer- 
ably several years additional research experience in solid state or 
magnetic resonance problems) IN PHysIcs, for a research programme 
on paramagnetic resonance in semiconductors—The Registrar, King’s 
College, Newcastle-upon-Tyne. 
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REPORTS and other PUBLICATIONS 


(not included in the monthly Books Supplement) 


Great Britain and Ireland 


Society for Analytical Chemistry. Report of the Analytical Methods 
Committee, 1956. Pp. vi+24. (London: Society for Analytical 
Chemistry, 1957.) {117 

Empire Cotton Growing Corporation. Annual Report for the year 
ending 3lst March 1957. Pp. ii+23. (London: Empire Cotton 
Growing Corporation, 1957.) {117 

London and Home Counties Regional Advisory Council for Higher 
Technological Education. Research for Industry: a Survey of Indus- 
trial Research in progress in Technical Colleges in the region in the 


year 1956. Pp. 20. (London: London and Home Counties Regional 
Advisory Counci] for Higher Technological Education, a tty 
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Rototing Magnet with azimuthal 









NEW VARIAN LABORATORY MAGNET 


provides rotation about the vertical axis 


Varian Model V-4012-3B 


angle continuously adjustable 
between 0° and 190° and 
horizontal axis engle 

fixed at 45°. 


If your experiment requires a precise magnetic field with 
adjustable orientation relative to the sample, the problem 
is easily solved by this new version of Varian’s twelve- 
inch electromagnet. The difficult problems of rotating the 
sample along with its complex supports and accompany- 
ing apparatus need not be considered. 

Time stability of the magnetic field can be achieved 
through use of the matching Model V-2100A Regulated 
Magnet Power Supply. Field uniformity of a high order is 
assured through Varian's demonstrated know-how in pro- 
ducing magnets of incomparable homogeneity. And as is 
the case with all Varian magnets, the user may specify 
desired air gap configurations within certain wide limits. 
Varian's standard line includes three basic electromagnet 
groups: the 12-inch, the 6-inch and the 4-inch (all avail- 





V-4004 
\ 4-inch Electromagnet with 
SA. matching power supply / 






able with matched power supplies). In turn, the basic 
12-inch group now includes three members: the V-4012-3B 
rotating version pictured above; the standard V-4012A 
with rotatability about a horizontal axis; and the 
V-4012A-HR version which is shimmed to provide extra- 
ordinary uniformity demanded by the Varian Super High 
Resolution Nuclear Magnetic Resonance Spectrometer. 


The Instrument Division of Varian Associates invites your inquiry 


116 HANSEN WAY PALO ALTO 26 CALIFORNIA USA 
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Reference 








A booklet fully describing 
the Beck Phase Contrast Cells 
Illumination Apparatus will 


be forwarded on application 
SPECIFICATION 
10199 voles shenhate, Sejpct to 


R & J BECK LTD i 


69 MORTIMER STREBT Internal Average 800 ohms maximum 
resistance at 25°C 1200 ohms 


LONDON W.: Temperature hysteresis __ Negligible over normal 
operating range of temperature 
MUIRHEAD & CO. LIMITED. BECKENHAM KENT ENGLAND 


Ne aa B E Ce DON J = BECKENHAM 0041 Grams & Cobles : MUIRHEAD - BECKENHAM 


Abed of SChttlu 


ENTIRELY NEW 1958 MODELS 


ce4 
We now introduce a new range of high performance ovens and anhydric 
incubators. The ovens entirely comply with BS 2648. This beautifully ; 
styled range has been achieved by very careful and thorough designing 


























followed by extensive tooling and advanced production methods. 

* Fitted with the new Uniform temperature 
“‘Compenstat’’—our special distribution — small tem 
hydraulic thermostat. (Provisional perature fluctuation. 4 
Patent No. 18565/57.) 


a 


* Stainless steel interior, 


% Choice of three sizes. shelves and internal fittings. 


OVENS Performance to BS a 
AND INCUBATORS 


A. GALLENKAMP & CO. LTD., SUN ST., LONDON, E.C.2. Tel.: Bishopsgate 0651 Grams : Gallenkamp, Stock, Lo 
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